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Preface

The Institute for Defense Analyses (IDA) prepared this document as part of
a project that is jointly sponsored by IDA’s Independent Research Program and
the Office of the Director, Program Analysis and Evaluation, in the Office of the
Secretary of Defense (OSD).

Every year, OSD’s Cost Analysis Improvement Group (CAIG) reviews the
status of DoD’s ability to estimate the costs of forces and weapons at the DoD
Cost Analysis Symposium. Later, at the IDA Cost Research Symposium, CAIG
meets with representatives from selected government offices, Federally Funded
Research and Development Centers, and military universities to discuss ongoing
and planned cost studies. Following these gatherings, the CAIG prepares an
analysis plan that focuses on the areas of cost research needing the most attention
given upcoming acquisition decisions.

This document contains material related to that process for the 2002 cycle.
Its purpose is to make the material available to those who participated in the
2002 IDA Cost Research Symposium, and for other purposes deemed
appropriate by the Chairman of CAIG. The material has not been evaluated,
analyzed, or subjected to formal IDA review.
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I. Introduction

Several Department of Defense (DoD) offices are responsible for estimating
and monitoring the costs of defense systems and forces in support of planning,
programming, budgeting, and acquisition decisions. For example, the Cost
Analysis Improvement Group (CAIG) in the Office of the Secretary of Defense
(OSD) provides independent cost estimates and reports on life-cycle costs of
major defense acquisition programs (MDAPs) in Acquisition Category ID (see
Reference [1]). Cost Agencies/Centers in the relevant defense components
provide independent estimates for other MDAPs.

The OSD CAIG leads efforts by these and other offices and organizations to
improve the technical capabilities of the DoD to forecast future costs. Near the
beginning of each year, during the DoD Cost Analysis Symposium, the CAIG
reviews the status of DoD’s capabilities to estimate the costs of defense systems.
Several months later, representatives from offices that sponsor defense cost
research meet at the Institute for Defense Analyses (IDA) to discuss and
exchange information on their ongoing and planned cost research projects.

The 2002 IDA Cost Research Symposium was held on May 23, 2002. The
symposium, jointly sponsored by OSD CAIG and IDA, has been held every year
since 1989 (see References [2 through 15]). This document contains the
proceedings of the 2002 symposium and catalogs defense cost research projects
in progress or planned at the time of the symposium.

A. Agenda and Participants

Table I-1 is the agenda for the symposium. The theme was the cost of
transforming U.S. military forces to meet the challenges of the twenty-first
century. The symposium opened with remarks (presented in Chapter II) from
Stephen Balut, Director of IDA’s Cost Analysis and Research Division, and a
keynote address by David McNicol, Chairman of the OSD CAIG.

Invited guests then gave presentations that described the information age
transformation of the DoD, metrics for transformation, and the role of cost
analysts in the new defense environment. ChaptersIll through V contain
annotated versions of these presentations.
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Table I-1. Agenda for the 2002 IDA Cost Research Symposium

Welcome and Opening Remarks— Stephen Balut, IDA
Keynote Address— David McNicol, OSD CAIG

Invited Presentations

Network-Centric Operations and the Information Age Transformation of the DoD
John Garstka, OSD

Metrics for Transformation— Joel Resnick, IDA
Role of Cost Analysts in the New Defense Environment— Gary Bliss, OD PA&E

Estimating the Costs of Transformation
OSD Perspective— Russell Vogel, OSD CAIG
Navy Perspective— Leonard Cheshire, NCCA

Air Force Perspective —Jay Jordan, AFCAA
Army Perspective — David Henningsen, CEAC
Summary — Russell Vogel, OSD PA&E

The last set of invited presentations discussed current capabilities to
estimate the costs of transformation from the perspective of the OSD and the
individual services. These presentations were updates to similar presentations
given at the 2002 DoD Cost Analysis Symposium. Finally, Russell Vogel,
Executive Secretary of the CAIG, summarized the topic. These last five
presentations are contained in Chapters VI through X.

B. Ongoing and Planned Research Studies

Table I-2 lists the offices and organizations invited to participate and the
names of the people who represented them this year.

At IDA’s request, participants prepared summaries of ongoing and planned
cost research studies at their offices and organizations. These were supplied to
IDA for use at the symposium and in this document. Appendix A of this
document lists the titles of the studies. Appendix B contains the study summaries
themselves.
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Table 1-2. Participants in the 2002 IDA Cost Research Symposium

Office/Organization Abbreviation Representative

Office of the Director, Program Analysis and Evaluation PA&E David McNicol
Missile Defense Agency MDA Lowell Neaf
Army Cost and Economic Analysis Center CEAC Robert Young
Army Materiel Command? AMCRM Kenneth Freund
Army Tank-automotive and Armaments Command TACOM Richard Bazzy
Army Aviation and Missile Command? AMCOM Frank Lawrence
Army Space and Strategic Defense Command SMDC Jackson Calvert
Naval Center for Cost Analysis NCCA David Ziemba
Office of Naval Research ONR Katherine Drew
Naval Air Systems Command NAVAIR Dave Burgess
Naval Sea Systems Command NAVSEA Barbara Young
Naval Surface Warfare Center, Dahlgren Division NSWCDD Roxanne Harvey
Naval Surface Warfare Center, Carderock Division NSWCCD John Trumbule
Air Force Cost Analysis Agency AFCAA Joseph Kammerer
Aeronautical Systems Center, Air Force Material Command ASC/FMC Michael Seibel
Air Force Space and Missile Systems Center? AFSMC Deidr Wong
Electronics Systems Center, Air Force Material Command? ESC/FMC Ron Phillips
UK Ministry of Defence, Pricing and Forecasting Group/ PFG/CF Terry Proffitt

Cost Forecasting
Air Force Institute of Technology AFIT/ENV Robert Calico
Defense Systems Management College? DSMC John Horn
Aerospace Corporation AERO Carl Billingsley
MITRE Corporation MITRE Paul Garvey
RAND Corporation RAND John Graser
CNA Corporation CNAC Matthew Goldberg
Institute for Defense Analyses IDA Stephen Balut

@ These offices/organizations did not submit project summaries this year.
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II. Opening Remarks, Stephen Balut

Research Intended to
Improve DoD'’s Capability to

Estimate the Costs
of
Transformation

May, 2002

The sequence of presentations that follow will identify research intended to
improve DoD’s capabilities to estimate the costs of transforming U.S. military
forces. Areas needing improvement at this time were revealed at the DoD Cost
Analysis Symposium (DoDCAS) held in February 2002. Earlier assessments
conducted in 1998, 1999, and 2001 were recently updated by surveying cost
analysts who are responsible for estimating the costs of weapon systems at major
milestone decision points.

The assessments of DoD’s capabilities presented at DoDCAS will be
repeated here today and include identification and discussion of areas where
improvement is needed most. Today, panel members will list and discuss
ongoing or planned research projects that address the areas where improvement
is needed. The source used by panel members to identify research projects was a
catalog of cost research projects sponsored or conducted by DoD offices,
Federally Funded Research and Development Centers, and Defense Universities.
This catalog was prepared by IDA based on submissions by offices that sponsor
or conduct defense cost research. These offices are represented here today.

II-1



WHAT WILL BE ASSESSED

COST ANALYSIS

Estimating Costs of
Transformation

The results of assessments you will see do not address all of cost analysis,
only DoD’s current capabilities to estimate the costs of transformation.
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SCORING

GREEN - capabilities good or better

— Adequate data available
CER’s/Models available and up-to-date
Expect small to moderate error in estimates

- Capabilities marginal
Some data available - additional data needed
CER's/Models available but not current
Expect moderate to large errors in estimates

RED - Capabilities poor
— Data lacking
— CER’s/Models not available or of little use
— Expect large to unknown errors in estimates

DoD offices that face the challenge of estimating the cost of transformation
were asked to provide assessments using the color-coded scoring scheme shown
on this slide.

Scoring represents the capability of the military service providing the
assessment.

Scoring was subjective—sometimes by individuals, sometimes by groups of
individuals.
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AGENDA

Dave McNicol = Keynote
John Garstka = Network Centric Operations and the
Information Age Transformation of the DoD
Joel Resnick = Metrics for Transformation

Gary Bliss m  The Role of Cost Analysts in the New
Defense Environment

= Lunch
Panel Discussion
Russ Vogel m  OSD CAIG Perspective
Len Cheshire m  Navy Perspective
Jay Jordan m Air Force Perspective
Dave Henningsen = Army Perspective
Russ Vogel = Summary

= Discussion

This slide shows the agenda for the remainder of the symposium. Invited
speakers will describe transformation, after which the panel will provide
assessments of DoD’s capabilities to estimate related costs.
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ITII. Network Centric Operations and the Information Age
Transformation of the DoD, John Garstka

Network Centric Operations
and the Information Age
Transformation of DoD

Presentation to
IDA Cost Research Symposium
23 May 2002

Mr. John J. Garstka
Asst. Director for Concepts and Operations
Office of Force Transformation
Office of the Secretary of Defense
(703) 696-4141
john.garstka@osd.pentagon.mil

Objective

* Help You Understand:
— U.S. DoD Transformation

* Perspectives
* Goals
— Network Centric Warfare (NCW)
* Relationship to Transformation
e Tenets of NCW
* New Type of Information Advantage
» Evidence for Warfighting Advantage
— Investment Implications
* Return on Investment on IT in Warfare
* Complex “Value Proposition”
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Perspective of the Commander in Chief

“... we must build forces that draw upon the
revolutionary advances in the technology of war
that will allow us to keep the peace by redefining war
on our terms. I'm committed to building a future force
that is defined less by size and more by mobility and
swiftness, one that is easier to deploy and sustain,
one that relies more heavily on stealth, precision
weaponry and information technologies.

President George W. Bush
Graduation Address
U.S. Naval Academy, May 25, 2001

Commander in Chief’s Perspective (Cont.)

“Building tomorrow's force is not going to be easy.
Changing the direction of our military is like changing the
course of a mighty ship -- all the more reason for more
research and development, and all the more reason to get
started right away.
Yet, building a 21st century military will require more than
new weapons. It will also

transform

that a
21st century military will need.”
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Transforming Defense

e The Force

» The Management of Defense

* The Role of Defense in National Security

Vision: A Broad and Sustained Competitive Advantage

Transforming Defense

Elements of Transformation

M Continuing process

M Creating/anticipating the future

M Co-evolution of concepts, processes, organizations,
and technology

M New competitive areas/competencies

M Fundamental shifts in underlying principles

M New sources of power

M Sustained competitive advantage
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Transforming Defense

...Compelling needs and opportunities

* The broad transition from the Industrial Age to the
Information Age.

* The appearance of an expanded array of threats in
a more uncertain context.

* The vast array of technological opportunities
available to friend and foe alike.

* The falling barriers to competition in domains.

To the extent we do no not transform, we are at risk strategically

Transforming Defense
. .Strategy

*Transform from the Industrial Age to the Information Age
Implement Network Centric Warfare

*Ensure sustained competitive advantage
Assure Allies
Dissuade competitive entry
Underwrite deterrence
Implement countervailing strategies

*Broaden the capabilities base
Operational, Technical, Industrial
Create new competitive areas
Revalue competitive attributes for the information age
Decrease capabilities cycle time

*Leverage U.S. advantages and opportunities
And manage the devolution of “sunset” capabilities and processes

Achieve Speed and Agility vice Optimization
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Transforming Defense

“The most important transformation that we’re
facing is the transformation from the Industrial
to the Information Age. To the extent we do that
well, all our other efforts in transformation will
prosper. To that extent we don’t, all of those
efforts will be for naught.”

VADM A.K. Cebrowski, USN (Ret)
Director, Office of Force Transformation

Remarks at National Defense University
January 31, 2002

DoD Report to Congress on Network Centric Warfare
Findings: Conclusions:

*  Progress is being made toward understanding

basics of NCW concepts and contribution to

mission success ¢ There is considerable and growing
urgency associated with removing the

Early experimentation by JFCOM and impediments to progress.

Services point to continued investment in
development of NCW as cornerstone enabler *  Timely removal (or mitigation) of
impediments will be facilitated by an

There are significant impediments to progress 0SD-level Office of Transformation

* A goal to achieve specific network-
centric capability by a specific date is
needed.

¢« NCW offers unprecedented promise to
achieve long sought-after capabilities
without corresponding increases in
resources in the long run.

¢ NCW and Network Centric Operations
erm—— should be the cornerstone of DoD’s
strategic plan for the transformation of
the forces.

Network Centric concepts can be applied to all of our operations—across
the full spectrum of our activities, organizations, and inter-agencies—to achieve
the transformation we are seeking.

This message was delivered in the Department of Defense’s recently
completed Report to Congress on Network Centric Warfare, which was signed
by the DEPSECDEF in Aug, 2001.
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Joint Staff/J6 and ASD(C3I) were co-leads for the development of NCW
Report.

Report had coordinated inputs from CINCS, Services, and Agencies.

Report highlighted that the network is the enabler, but the source of power
is central to the success of DoD’s ongoing transformation is information sharing.

Report highlighted impediments to progress that must be overcome to
enable network-centric operations:

* Lack of secure, robust connectivity and interoperability.

* Intolerance of disruptive innovation.

* Lack of understanding of key aspects of human and organizational
behaviors.

* Lack of NCW-related technology investments.

Many challenges must be overcome to achieve mature NCW capabilities,
but as with previous revolutions in military affairs, leadership will play the
decisive role in creating the conditions for transformation.
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Network Centric Warfare

Information Advantage
Warfighting Advantage

Information Advantage - : N ETWORK
well informed c ENTRIC

WARFAR

- Information sharing
- Shared situational awareness
- Knowledge of commander’s intent

Warfighting Advantage -

Information Sharing is the Force Multiplier

Network Centric Warfare (NCW) is the embodiment of an Information Age
transformation of the DoD.

NCW involves a new way of thinking about:

* how we accomplish our missions

* how we organize and interrelate

* how we acquire and field the systems that support us

Network-centric warfare is enabled by the robust networking of the
warfighting force and the supporting DoD enterprise.

Networking enables the force to create an asymmetric information
advantage that is based on information sharing.

Sharing information, knowing where the enemy is, where you are, where
your buddies are and sharing that information across every weapons platform in
the fight enables the force to develop shared situational awareness and creates a
significant force multiplier.

A mature network-centric force has the ability to share information between
sensors, regardless of platform, between commaders, regardless of location, and
shooters, regardless of service.

This definition may sound simplistic, but it describes a force that doesn’t
exist in a mature state in the armed forces of any military today. For example, how
well are we netted across the Across services? From sensors to shooters? The
interagency? National forces to allies?
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NCW moves the department to the next level of Jointness envisioned in
Joint Vision 2020.”

Sharing information, knowing where the enemy is, where you are, where
your buddies are and sharing that information across every weapons platform in
the fight creates and incredible force multiplier.

This is not a new idea but we’ve never really fully implemented the concept
across the full joint or inter-agency organizations to the extent necessary to be the
ultimate fighting force...where it has been implemented, success has followed.
(Details on next slide)

Look at the way the Air Force manages an air battle. How different and less
lethal would the AF be if we withdrew the AWACS from the picture? How about
if we removed the AEGIS radar from Navy Theater Air Missile Defense—or if we
limited the AH-64Ds ability to identify blue forces?

Warfighting Advantage

Networked Forces
Outfight
Non-Networked Forces
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Warfighting Advantage: Evidence

Dominant Maneuver
— Digitized forces demonstrate capability to fight over a much larger

area with fewer forces than non-digitized forces (USA Division
Capstone Exercise - Phase I, Apr 2001)

Precision Engagement - Counter Anti Access

— Networked combined force requires 62% less time to restore mine
free shipping in Strait of Hormuz (FBE Foxtrot, Dec 1999)
Precision Engagement - Counter SOF (CSOF)
— Decision cycle reduced by half - shooter effectiveness increased
— 10 fold reduction in SOF penetrators by water (FBE Delta, Oct 1998)
Full Dimensional Protection - Counter Air

— USAF found F-15Cs, working with data links (shared awareness),
increased kill ratio by over 100% -- 2.6:1 for both Day & Night Ops
(JTIDS Operational Special Project - Mid 1990’s)

Questions

* What allows networked forces to outfight non-
networked forces?

* What is the linkage between
and

* How strong is the evidence?

» What are there implications of NCW for:
— Armed Forces
— Defense and IT Companies?
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Tenets of Network Centric Warfare

A robustly networked force improves information sharing

Information sharing enhances

— Quality of Information

— Shared Situational Awareness

Shared situational awareness

— Enables collaboration and synchronization

— Enhances sustainability and speed of command

These, in turn, dramatically increase mission effectiveness

Executive Summary - NCW Report to Congress

Source of Combat Power

“...source of combat power enabled by NCW concepts can only
be understood by focusing on the relationships that take place in and
among the domains of warfare.”

John Boyd’s OODA Loop
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Understanding the Domains of Warfare

Information in War: Value of Knowledge

“ Know the enemy and know yourself; in a
hundred battles you will never know peril.
When you are ignorant of the enemy but
know yourself, your chances of winning or
losing are equal. If ignorant of both your
enemy and yourself, you are certain in every
battle to be in peril.”

Sun Tzu
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Domains of Warfare

Leadership Situation
Unit Cohesion * Understanding Cognitive
Morale * Awareness Domain

* Assessment

Until quite recent times, the capability to collect, record, store, process, and
disseminate information were extremely limited. This in turn limited the ability
of commanders to know what was going on and their ability to communicate
with their subordinates. These limitations affected the ways in which militaries
have been able to operate. Even though many advances have taken place,
particularly since the introduction of the telegraph, our ability to collect, process,
and dissemination information continue to constraint how we operate today.

In the section on command and control, we will explore the various ways
forces have organized, the manner in which command and control has been
exercised, and the relationships among organization, command and control, and
information and communications technologies. Here we will very briefly review
the nature of the advances in information-related technologies, the most
significant of which, arguably those related to the internet, have taken place in
the last ten years.

For the better part of history information processing took place within the
brain and communications was limited to runner, rider, semiphor, drums, or
carrier pigeon.
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Information in War: Fog & Friction

“ The general unreliability of all information
presents a special problem; all action takes
place, so to speak, in a kind of twilight,

.... like fog.”

CARL VON CLAUSEWITZ

ON WAR

Edied i Traulated by
MICHAEL HOWARD and PETER FARKT

“War is the realm of uncertainty; three quarters of
the factors on which action in war is based are
wrapped in a fog of greater or lessor uncertainty...
The commander must work in a medium which his
eyes cannot see, which his best deductive powers
cannot always fathom; and which, because of

constant changes, he can rarely be familiar.”

Carl von Clausewitz

Domains of Warfare

Leadership Situation

i i * Understanding Cognitive
Unit Cohesion gniti
Morale * Awareness Domain

* Assessment

(13 29
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Information Domain

The information domain is the domain where
information lives. It is the domain where information is
created, manipulated, and shared. It is the domain that
facilitates the communication of information among
warfighters. It is the domain where the command and
control of modern military forces is communicated,
where commander's intent is conveyed. Consequently, it
is increasingly the information domain that must be
protected and defended to enable a force to generate
combat power in the face of offensive actions taken by an
adversary. And, in the all-important battle for
information superiority, the information domain is

ground zero.

Executive Summary
NCW Report to Congress

Information Advantage / Superiority

Superiority

Relevance

...relative to an adversary...

OURS THEIRS
| ] i
NEEDS NEEDS
i ABILITY TO SATISFY < ABILITY TO SATISFY

I11-14




Information Advantage:
Information Needs

Blue Red
Needs Needs

Information

Blue Information On Blue

On Blue

Force

Red Information
On Red

Information

Force On Red

Information Advantage:
Information Needs

Individual/ Unit/
Node Flight
Info On: Where am 1? Where is the Flight? Where is the
Blue What 1s its Forc.e?.
Where are my Disposition? What is its
Force buddies? Disposition?
Where is the
Red Where is the Where is the Adver.sary?
Force Adversary? Adversary? What is the
Adversary
doing now?
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Information Advantage:
Information Needs & Approach for Satisfying

Blue Red
Needs Needs
Blue C2 ISR
Force
Red
Force

Hard Questions

* How can the Blue Force’s Information Needs be
best Satisfied?
» What are the implications of Satisfying these
Needs?
— On the Size and Shape of the Force?
— On How the Force Operates?
— On How the Force can Change?
» What are the potential trade offs between
Information and Mass?
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Information Advantage:
Allied Breakout From Normandy

* Creating Information Advantage

— Ultra provides Allied Commanders with an Information
Advantage in the form of Information on:
» German Army positions
* Intent of German Army Commanders
+ Status and Disposition of German Forces
* Leveraging Information Advantage
— LTG Patton (Commander, US Third Army) leverages
Information Advantage by:
* Substituting Information for Mass

* Creating Local Force Advantage
* Maintaining Initiative

Network Centric Warfare

g

T=5Zc
PSR =)
<>
Platform-Centric Force Network-Centric Force
Platform-Centric Warfare Network-Centric Warfare
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Networking The Force

Sensors
Regardless of Platform

Decision
Makers

Regardless of
Location

FANGAZE TSNS
W= av, Effecters
Regardless of Service

What is the Priority for Networking?
What is the Linkage to Information Advantage?
What is the Linkage to Warfighting Advantage ?

Network Centric Warfare

Information Sharing enhances

Information

the Quality of Information Domain

1o .2 cl M
e Luformuiion Shuring,
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Network Centric Warfare

* Information Domain:

— The force has the capability to collect, share, access,
and protect information.

— The force has the capability to collaborate in the
information domain, which enables a force to
improve its information position through processes of
correlation, fusion, and analysis.

— A force can achieve information advantage over an
adversary in the Information Domain.

Information Sharing Enhances
the Quality of Information

“The force has the capability to collaborate in the
information domain, which enables a force to

through processes
of correlation, fusion, and analysis.”

Information
Domain
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Information Sharing Enhances the
Quuality of Information

Improved Information Position

=] = e e |

* Information Position “B”

Information

“Richness”
+ Content * Information Position “A” Nepwork
* Accuracy .
« Timeliness Centric
« Relevance Region

Information “Reach”

Richness and reach were introduced by Phillip B. Evans and Thomas S. Wurster, “Strategy and the New Economics of
Information,” Harvard Business Review, September-October 1997.

Information Advantage

* Information Position “B”

Information

“Richness”
+ Content * Information Position “A” Nopvork
* Accuracy o
« Timeliness Centric
* Relevance Region

Information “Reach”

Networking the Force:
- Provides Warfighters with Access to a New Region of the Information Domain
- Creates opportunity for a New Type of Information Advantage

Richness and reach were introduced by Phillip B. Evans and Thomas S. Wurster, “Strategy and the New Economics of
Information,” Harvard Business Review, September-October 1997.
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Information Advantage

Information
“Richness”

« Content

* Accuracy
« Timeliness
* Relevance

Own Force
Information

/ Position
. * Platform Centric
/ ’ Information Advantage
Adversary
Information
Position

Information
“Reach”

Established Source of Advantage
at the Tactical Level of Warfare

Platform Centric
Information Advantage

Information
“Richness”

« Content

« Accuracy
« Timeliness
* Relevance

e e ,
Platform Centric H
Warfighting Concepts

* Local * Regional * Global
Information “Reach”
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Information Advantage

Network Centric
Information Advantage
% <«— Improved
Information Own Force
“Richness” Information
« Content <% Position
« Accuracy % ’ .
« Timeliness A Platform Centric
* Relevance Adversary Information Advantage
: Information h
Position
Information
“Reach”

New Type of Information Advantage is key
enabler of increased Combat Power

Network Centric
Information Advantage

A
% Network Centric
Information Advantagei

-
Information

“Richness” \ T

« Content

« Accuracy
« Timeliness
* Relevance

- Network Centric
] Warfighting Concepts
Platform Centric E
Warfighting Concepts
R * Regional « Global

Information “Reach”
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Network Centric Warfare:
O!)eration Enduring Freedom

*  Collaborative Engagement with
Networked Kill Chain
— Special Forces on Horseback Laser-

Designate Targets for JDAM on F-14, F-
15E, B-1, B-2

- F-14 Passes Mensurated Target Data to
B-52, Enabling Successful Target Kill

Some real-world examples from Operation Enduring Freedom highlight why
it is critical we move rapidly to a network-centric force. These show the power of
“brain-to-brain” collaboration across amazing geographic (and cultural!) distances
to achieve a single mission objective:

Global Hawks—along with the Hellfire-missile-equipped Predator UAYV,
F-15E, RC-135 Rivet Joint signals intelligence-gatherer and other key long-range,
long-endurance platforms--are major parts of an extremely fast “sensor-to-decision
maker” system. This system lets allied forces spot, identify, and strike moving
targets within a few minutes. These aircraft, many of them with synthetic aperture
radar and GPS-guided bombs, will be able to see and strike through heavy clouds

F-14s are delivering highly precise targeting information to other aircraft.
During one recent mission, an F-14 was able to provide mensurated data to a B-52.
The bomber was able to use the information to successfully attack a target. The
targeting information was derived using the F-14's LANTIRN pod, which is fitted
with its own GPS. This combination allows the aircraft to determine a target's
location with relatively high precision. In the F-14/B-52 teaming arrangement,
target coordinates were passed via E-3 AWACS. Eventually, however, that data
could be provided directly using Link-16 data links.

Now for the payoff —where all these initiatives and efforts are leading. Let me
talk for a few minutes about one of the places where all this information and
technological innovation comes together in the AOR to help the air component
commander fight the air war—the Air Operations Center (AOC).
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Network Centric Warfare:
Operation Enduring Freedom

B * Shooter: AC-130
Sensor: SOF B-1
F-14 B-52
Predator F-15E
Information Global Hawk g:_ ‘:"lgor
“Richness” Other Sensors
« Content
« Accuracy Networ.k-
« Timeliness Centric
* Relevance Operations
Platform-Centric
Operations
Information
“Reach”
Warfighting Advantage:
Air Superiority Mission
& T AT . .
Information Link-16: Shared Tactical Picture
“Richness” P
* F-15C
« Content Network-
« Accuracy .
« Timeliness Centric
« Relevance Operations
Platform-Centric
Operations
Information
“Reach”
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Air Superiority Mission:
The Combatants

Blue Red

v
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Y
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Air-to-Air Combat: Domain Overlay

f Cognitive Domain
Operator / Information Domain Operator

| Display /~ Physical Domain Display
| -— P ——— . _

bt Host §lTeri(i)nxe;lto-'lr?’e(l)';inali '-iOSt . aowmdge
= ‘-—

| (JTIDS) (MIDS) ! :
; [ iy ! Information
Information: | e T
e ] '
Data | Sl .-
1 010110 010110 |

\‘\ ,,,,,,,,,,,, S Data

\ < Data o

Messages _y

Brain-to-Brain > /

Legend:  mmmmm Technical wmsm Procedural s Operational

Knowledge

\K

Here is a depiction of brain-to-brain collaboration across vast distances
enabled by robust physical domains and empowered by consistent information
presentations.

Integrating our systems as a network of interrelated capabilities and
information is key to meeting the challenges addressed by Gen Jumper in the
Global Strike Task Force briefing.
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Air-to-Air Combat: The Outcome

F15-C Air Ops: Active Missile Counter Tactics

Without JTIDS/With JTIDS

* Information Advantage Voice Only vs. Shared Tactical Picture
* OODA Loop Baseline Compressed with Self-Synchronization
« Kill Ratio 3.10:1 vs. 8.11:1 (2.61 x increase) - Day
3.62:1 vs. 9.40:1 (2.59 x increase) - Night
The Bottom Line: Demonstrated capability for networked
aircrews fighting with shared situational

awareness to increase combat power by
over 100 %

Source: JTIDS Operational Special Project - Report to Congress, Dec 97

Air-to-Air Combat:
Value of Information / Knowledge Advantage

Velocity “Information Advantage”
Data of Info

Network

Own Force Information

Voice .
Network Adversary Force Information
Kill Ratio Shared Source of Power
2.6 x Increase Self Synch Awareness New:
. Tactics
......... Voice Knowledge Techniques
Voice + Data Advantage” Procedures
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US Army Division Capstone Exercise —
“Digital CAS”

e
%I~ SADL
Nquipped

Phase I —

“Scenario” -- Close Air Support (CAS)

» UAV identifies targets

» UAV Ground-station pushes target information to Air
Force SADL (WINFAC) workstation

* WINDFAC pushes information to F-16s & A-10s

« Pilots view information in Heads Up (HUD) display in

Cockpit

/Z)A-10

HU D

UAV FAC

“ ...night missions are normally
exercise in futility but this was
amazing” - Air Warrior

Network Centric Warfare:
Measuring Warfighting Advantage

Networking The F orce
K Rq;nnﬂe\\ of Platform

Platform
Centric

Network
Centric

Network-centric

N\

Platform-centric

Forces Applied

Warfighting
Effects
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Understanding the
Evidence for Warfighting Advantage

Enablers
Missions *

HIN|R|E

SSAURIBMY Ppateys
I
’ $2.1npadoay - sanbruyday, - sopdE ],

*  Dominant Maneuver

—  Digitized forces demonstrate capability to fight over a much larger area with fewer forces than non-digitized forces
(USA Division Capstone Exercise - Phase I, Apr2001)
*  Precision Engagement - Counter Anti Access
—  Networked combined force requires 62% less time to restore mine free shipping in Strait of Hormuz (Fleet Battle
Experiment (FBE) Foxtrot, Dec 1999)
*  Precision Engagement - Counter SOF (CSOF)
—  Decision cycle reduced by half - shooter effectiveness increased
— 10 fold reduction in SOF penetrators by water (FBE Delta, Oct 1998)
*  Full Dimensional Protection - Counter Air
—  USAF F-15Cs, working with data links (shared awareness), increased kill ratio by over 100% -- 2.6:1 for both Day
& Night Ops (JTIDS Operational Special Project - Mid 1990’s)

Understanding the
Evidence for Warfighting Advantage

4 Collaboration

Shared Awareness

Self-
p Synchronization
Shared

Situational Mission
Awareness Effectiveness

Information
Sharing

Tactics - Techniques - Procedures

“TT&P”

R
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Measuring Maturity of NCW Capabilities

Command and Control

i Self
Traditional C2 Collaboratlve .
Planning Synchronization
@ Shared
%‘J Situational 374> 4
=
— = | Awareness T
= &
Sz ‘
£3
g o | Shared Information 17%2
= %ﬂ ?
<2
g Organic Sensing 0
i
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Investing in Network Centric Warfare:

Key Enablers
Advantages
Networked Force Information g Cognitive
Robust, Secure . .
WB Connectivity Quality Sensemaking
Information Support

& Interoperability

Common /\High Quality
Operational Shared

Collaborative
Environment

Education
Training

Information
Sharing

Picture Awareness

NetReady Nodes Information People
Sensors, C2, Shooters Operations
Command
&
NS
Portfolio

Decision Superiority
Synchronization of Effects

Achieving mature network-centric capabilities will require a focused
investment in NCW enablers.

These enablers can be grouped in context of the Physical, Information, and
Cognitive Domains, as portrayed in the above graphic.

Taken together, these enablers form the basis for a Mission Capability
Package (MCP).

MCPs provide an integrated approach for an informed and focused
information age transformation.

Such an approach is currently being developed by the Office of Force
Transformation.

This integrated approach is characteristic of previous RMAs.

Blitzkrieg, Carrier Aviation, and Amphibious Operations all had technology
and doctrinal components that were not effectively understood or addressed by
adversaries prior to the onset of hostilities in World War II.

Implication is that transformation must be broader than just “materiel” —
must be concept based, and must focus on all dimensions of Mission Capability
Packages.
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DoD Transformation Goals:
A Perspective

Enabling Goals
&
2o — -
¥
- HEF
ELL e 8
Missions = % 2
. = I s [ =
Goals g g 2
b 5 =]
LB
<
B
DoD Transformation Goals:
Linkage to NCW Enablers
Missions Oriented Goals Enabling Goals

[Comtercorve |

tuary

Interoperable Joint C4ISR ‘

Assured Information
[ ]
Enhanced Space

NCW Enablers Successful Outcomes Enabled ™. 3

Agile C2

oherent Sense Making

Layered

“PpPi, 99
Structure Pictures” of Battlespace

ully Networked Force

ensional Persistent Sensing
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Major NCW Enablers

Successful Qutcomes Enabled: the ability to apply the force in a manner that
achieves effects resulting in successful outcomes

Agile C2: the ability to construct and adaptively make needed adjustments to
mission specific C2 capabilities and force application

Coherent Sense Making: the ability of individuals to collaboratively interpret the
battlespace picture and move an organization towards accomplishing a mission

Quality “Pictures” of the Battlespace: ability to produce/maintain battlespace
representations that are tailorable to user needs, rapidly interactive, and sharable

Fully Networked Force: the ability of the network to supply on demand the full
range of information services to the joint force

Persistent Multi-Dimensional Sensing: the ability to continually sense and
report multiple aspects of the battlespace relevant to the mission

Component Capabilities for NCW Enablers

Successtul Outcomes Enabled
Achieve Mission Achieve Desired| Minimize Achieve Policy
Elements Effects Undesirable Effects Effects
Agile C2
Prompt C2 Highly Adaptive Proactive Agile
Generation Integrated C2 C2 Planning/Execution Synchronization
Coherent Sense Makin
Focused & Relevant || Shared Situation || Coherent Understanding/ Effective Clear & Consistent
Collaboration Awareness Prediction Decision Making || Command Intent
Quality “Pictures” of the Battlespace
Information Assured Rich Info Value Added Mission Tailored
Management Information Sharing Processing/Fusion Displays
Fully Networked Force
Network-Ready - Discovery & Network Collaborative
Nodes Connectivity Collection Control Environment
Persistent Multi-Dimensional Sensing
Dynamic Persistent | | Robust Theater | | Rich Sustainable | |On-Board Weapon Rapid & High Capacity
Global Coverage Extension Organic Mix Sensor Integration | |Processing and Exploitation

I1I-33




How NCW Layers Assist in “Quality Outcomes”
Impacted World W

c2
. Decisions (“Orders”)
Sensemaklng Use battlespace pics and collaboration to make decisions |
‘\Agen\tcollaboration
| Support collaboration between agents |
Battlespace picture Agent inforn#ation sharing
Battlespace - ; -
. | Analyze, present features info to agents | | Support info sharing between agents |
Pictures TFusion-rcady data Agent comnjunications
Networked Force | Maintain and support access to features data | | Allow comms between agents |
. Raw features data
Sens“lg | Detect features of the battlespace |
Baseline World

Battlespace (Physical and
contextual features

Joint Force Agents
(People and Machines)

Top Level Assessment Methodology

MCPs Maturity Level
[ TS e S Mission Effectiveness
I Traditional | *Collaborative| Self
‘ 6™ | g | sonchromiaion Deny _ Countor
. PR Sanctuary |Gain Access | WMD
Org i X

—

hare
Information

. o [ L

Strategic Awareness

B

Lead | M | Train

“Organic

:
N !
[

Portfolios
i ‘ CIJC I 1] |:|‘ Denial of Sanctuary
| Alternative [l ] [ 0 1T 1] Z
Base Line \ )
— — ﬁ (=}
[P [ [ R ¥ ; °
“““ *Measures *Metrics LZ)
CA4ISR Capabilities

Detailed Metrics
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On the Importance of Measurement

“When you can measure what you are speaking
about, and express it in numbers, you know
something about it;

but when you cannot measure it, when you cannot
express it as numbers, your knowledge is of a
meager and unsatisfactory kind;

it may be the beginning of knowledge, but you
have scarcely in your thoughts advanced to the
stage of science.”

Lord Kelvin - 1914

Information Advantage

An Information Advantage Can:
* Be persistent or transitory
« Exist in some areas of the battlespace
but not others
* Be measured in the context of a

task or set of tasks

* Be created by taking actions to reduce Superiority

our information needs and/or increase

Relevance

the information needs of an adversary

* Be achieved through the synergistic conduct of:
- Information Operations
- Information Assurance

- Information Gain and Exploit
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Measuring an Information Advantage

An Information Advantage Can:

* Be persistent or transitory i i iy (8)

« Exist in some areas of the battlespace .
but not others gy ( L©

* Be measured in the context of a i (t i (t)
task or set of tasks

* Be created by taking actions to reduce i, (t) is (©)
our information needs and/or increase .
the information needs of an adversary iy (1) (9

i (® g, O

* Be achieved through the synergistic conduct of:
- Information Operations
- Information Assurance
- Information Gain and Exploit

This graphic introduces key attributes of information reach, using a Kiveat
Diagram.
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Measuring Information Advantage:
Metrics for the Information Domain

* Information Richness is an aggregate measure
of the
— Quality of Battlespace Information, and
— Quality of the interactions among entities

» Information Reach is an aggregate measure of
the degree to which Information is shared

Richness and reach were introduced by Phillip B. Evans and Thomas S. Wurster, “Strategy and the New Economics of
Information,” Harvard Business Review, September-October 1997.

Information Richness is an aggregate measure of the quality of battlespace
information and the quality of information interactions among entities.

Information Reach is an aggregate measure of the degree to which
information is shared. These aggregate measures can have multiple sub-
attributes. Some candidate attributes are discussed in the next two slides.
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Measuring Information Advantage:
Metrics for the Information Domain

Information Precisi

Information (Accuracy)

on

Information Assurance

Relevance Trust and Confidence
iWhyi in Information
Age of
Information Information 3 1
(Currency) Consistemcy Quality of Interaction
iWheni
Data Degree of
Text Interactivity
Information
Information Correctness
Timeliness Information Completeness
i Wheni - Identi-ﬁca!ion Real Time /
- Classification Voice Delay
. - Location h
iWherei _ Status i Whot
i Whati
Static Level of
. .
Qllallty Of Informatlon Images . Information
Dynamic Assurance
Images

Source: Understanding Information Age Warfare

Attributes of a Common Operational Picture

Information Domain Attributes
2019392HRST |mn:2 |nm1—m-a mmz“s::f«:m;muh v :‘;‘;m;] Help Data

53] i el ] Enf
| e | e |

Common Operational Pic

Historical Real
Data Time
Static Degree of
Images Interactivity
Dynamic
Images

Level of Info
Assurance

Text

ture

THE UNIVERSITY OF ARIZONA,
, Contor for tho Menagemont of nformation
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Attributes of an Enhanced
Common Operational Picture

Information Domain

Attributes

Level of Info
Assurance

Text

.:.|'.-.._ :[_;-‘,| -] r'.... |

- Historical Real
Enhanced Common Data Time
Operational Picture
Static Degree of
Images Interactivity
Dynamic
Images

A THE UNIVERSITY OF ARIZONA,
s Center for the Menagement of lnfermation

The fusion of disparate data links for a single integrated air picture is among technologies
"on the verge of giving joint warfighting commanders significant new capabilities."
---Admiral Gehman USJFCOM discussing the Rosetta Link-16 / JVMF ACTD, AvWeek April 10, 2000

I1I-39




Attributes for a Single Integrated Air Picture (SIAP)

+ Completeness. The percentage of real tracks that are
included in the SIAP.

» Correctness. Data accurately reflects true track attributes
(position, kinematics, and identity).

+ Commonality. Track attributes of shared data are the same
for each SIAP user.

» Continuity. Proper maintenance of track attributes over
time.

» Timeliness. Data is where it is needed, when it is needed.

Source: Representative Measures of a Single Integrated Air Picture (SIAP)

Take Aways

o “Network Centric Warfare is the
cornerstone of DoD’s Transformation”

— DoD Report to Congress on NCW
* Network Centric Warfare is real
— Evidence exists and is compelling

— Clear linkage between Information Advantage
and Warfighting Advantage

* But ---- It’s complicated
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Information Advantage:
Theater Air and Missile Defense

* Cooperative Engagement Capability:
Shared Tactical Picture

Information
“Richness” . %F‘Zgllslawkeye

« Content Network-

« Accuracy .

+ Timeliness Centric

« Relevance Operations

Platform-Centric
Operations
Information
“Reach”

Information Advantage:
Theater Air and Missile Defense

Cooperative Engagement Capability

E-2C Hawkeyes

it
i

Sensor Data Fusion Decreases
Time Required to Generate
Engagement Quality Information

Generates engagement quality information
with reduced timelines

Fuses multi-sensor data

Quantum improvement in track accuracy,
continuity, and target identification

Extends detection ranges

Track
Accuracy
(Uncertainty) \
E t _Stand Alone
Quality Sensor
Accuracy TSensor Network

<€ Time

Time Compression

Information Quality vs. Time
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Information Advantage:
Theater Air and Missile Defense

Benefits of Sensor Network
* Near Real Time Exchange
Of sensor measurement data
* Cueing Of Remote Sensors

+ Jam Resistance/low
Probability Of Intercept

i

RAIN

MULTI-PATH

JAMMING
.

JAMMING
INTERFERENCE

HORIZON

Coherent, Fire Control Quality Track Information
Created by Real Time Information Sharing

CEC is a revolutionary development—a high-speed
the sharing of fire-control quality tracking data from
platforms in near real time.

The benefits are twofold:

* The resulting composite track is more accurate
track from any individual sensor

* Even more dramatic, CEC enables a ship to shoot at targets it cannot see
with its own sensors, based on tracking data from other platforms.

CEC is being deployed on Aegis ships and the E-2.
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Measuring Information Advantage:
Metrics for the Information Domain

Networking The Force
Sensors
A Regardless of Platform .
Information Reach
Geographic

Range

Sharing by of Sharing Continuity Over Time
Functional Arena (24x7)
Regardless of Service
Sharing By Sharing By
Alliance / Coalition Number of
Nodes
Sharing By

Sharing Security Level

By Component / Sharing

Echelon Latency

Source: Understanding Information Age Warfare
Network Centric Warfare
Information Sharing enhances Cognitive
Domain
Shared Situational Awareness
Information Sharing enhances
Information
the Quality of Information Domain
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Network Centric Warfare

* Cognitive Domain:

— The force has the capability to develop and
share high-quality situational awareness.

— The force has the capability to develop a
shared knowledge of commanders' intent.

— The force has the capability to self-
synchronize its operations.

Network Centric Warfare

Enhanced Shared Situational Awareness  cognitive

Domain

Improved Collaboration and Synchronization

Information Sharing enhances

Information

the Quality of Information Domain
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Measuring Warfighting Advantage

“ Know the enemy and know yourself; in a
hundred battles you will never know peril.
When you are ignorant of the enemy but
know yourself, your chances of winning or
losing are equal. If ignorant of both your
enemy and yourself, you are certain in every Know Enemy Know Self
battle to be in peril.”

Never Know Peril

----------- Chances are Equal

A Certain Peril
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Warfighting Advantage

Cognitive
Domain

Blue Red
Competing OODA Loops

This is the familiar OODA loop. We considered the loop in the context of
the CSOF mission and identified key events in the prosecution of a single SOF
transport; these are the initial detection, the initial valid track, the nomination of
a target for engagement, bombs on target, and the receipt of BDA.
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Warfighting Advantage:
Single OODA Loop

Cognitive
Domain

-----

Information
Domain

oot

......

Air-to-Air Combat:Voice Only

“Local” Situational
Awareness

Information
Sharing
Via Voice

oo

\ A - c
; ! symmetric Information
- "‘"J - k Positions
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Air-to-Air Combat: Voice Only

Physical Domain

Blue Aircraft’s
Organic Sensor

“x Blue Aircraft

B Adversary
Aircraft

Information Domain

Heads-up Display with
Platform-Centric
Operations

X FRIENDLY
® TARGET

Warfighter View
which results
from sharing info

via yoice only

communications

Air-to-Air Combat: Voice Only

Information Domain

Pilot “A” View

2

X.

Pilot “B” View

2

Warfighters
Do not
Share Common
Information

Asymmetric
Information
Positions
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Air-to-Air Combat:
Coupled OODA Loops - Voice Only

Cognitive
Domain

Domain

......

Info Sharing Via Voice

Air-to-Air Combat:Voice Plus Data Links

E 1 “Shared” Situational

Awareness

Digital
Information
Exchange %

y A b % Shared / Common

Information Position

Information
Exchange
Via Voice
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Air-to-Air Combat:Voice Plus Data Links

Physical Domain

Information Domain

Heads-up Display with
Network-Centric

Operations
", Ad.versary
Aircraft

Blue Aircraft’s X FRIENDLY
Organic Sensor

B TARGET

Warfighter View
which results
from sharing info
via voice and data
communications

Blue Aircraft

Air-to-Air Combat:
Voice Plus Data Links

Positions
Pilot “A” View /

Information Domain

Warfighters
Share Common

Information

Symmetric
Information

Pilot “B” View
I I
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Air-to-Air Combat:
Coupled OODA Loops - Voice Plus Data Links

Cognitive
Domain

..... Info Sharing Via Voice
A —— = - —=—— 1 2\
.-Shared Info on Engagement Status

Domain

De—m——

Shared Info on Fuel and Weapons

[
T ”

To Probe Further

* DoD Report to Congress on Network Centric Warfare

— Online at www.dodccrp.org

* Books
— Blown to Bits by Evans and Wurster
— The Innovators Dilemma by Clayton Christensen

— Network Centric Warfare: Developing and Leveraging
Information Superiority by Alberts, Garstka, and Stein,

Online at www.dodccrp.org
— Understanding Information Age Warfare by Alberts,
Garstka, Hayes and Signori, Online at www.dodccrp.org
* Brochures
— Information Superiority: www.c3i.0sd.mil/infosup/
— Global Information Grid: www.dtic.mil/jcs/J6
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To Probe Further (Cont.)

e Articles

— Proceedings of the Naval Institute

e “Network Centric Warfare: Its Origin and Future,”
by VADM A.K. Cebrowski and John J. Garstka, Jan 1998

* Multiple articles on topic of NCW in subsequent issues
— Defense News

e “The Future Is Networked: U.S. Must Take Charge of New Military
Revolution,” Senator Joseph Lieberman, 21 Aug 2000

— PHALANX

o “Network Centric Warfare: An Overview of Emerging Theory,” John
J. Garstka, Dec 2000

Business 2.0

e “America’s Secret Weapon,” Tom Stewart, Dec 2001
htt p: // www. busi ness2. conl articl es/ mag/ 0, 1640, 35142, FF. ht ni

Historical Evidence for Warfighting Advantage:
Creating New TT&P to Exploit Technology

Often new command and control concepts arise out of a desire to leverage new capability that provides increased
information.

An illustration of this is the emergence of the concept of "Command by Negation"” within the U.S. Navy.
In June of 1972, the U.S. Navy introduced the F-14A into the Fleet as a replacement for the F-4 as its front line Fleet
air defense fighter.

The F-14A had a number of significant performance advantages over the F-4, one of which was its ability to generate
a superior level of onboard situational awareness.

This superior awareness was generated by AWG-9 radar, which provided the F-14A crew with an actual target video
symbol, as opposed to raw radar returns provided by the AWG-10 radar deployed on F-4s.

This superior situational awareness remained unexploited for over 6 years, as the Fleet Air Defense Mission
continued to use the same command and control doctrine employed with the F-4s.

This doctrine called for fighters to be directed to targets by controllers operating in E-2s and Ship Combat
Information Centers with positive control enforced when available.
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Historical Evidence for Warfighting Advantage:
Creating New TT&P to Exploit Technology

The potential for F-14As to generate increased combat power became apparent in 1978 during exercise Beacon
South.

During this exercise, Royal Australian Air Force pilots, employing aggressive maneuvers designed to make
tracking difficult, were able to penetrate the battle group's air defenses with their F-111s.

During the exercise, U.S. Navy pilots flying F-14As had the F-111s in track, but were directed away from the F-
111s by a ship-based CIC controller to what turned out to be nonexistent targets.

As a result of the lessons learned from this exercise, the command and control doctrine of "Vector Logic" was
approved for use in the 7th Fleet.

The following year, the command and control doctrine of "Command by Negation" was approved for Fleet-wide
use.

Finally, this doctrine provided F-14A crews with a rule set that enabled them to exploit their
superior onboard situational awareness to engage targets at will unless otherwise directed by operational
commanders.

Source: Network Centric Warfare: Developing and Leveraging Information Superiority

Networking Improves Information Sharing

Individual/ Unit/
Node Flight
Info On: .
Tactical 5

Blue C2 Systems C2 Systems
Force Info Sharing Info Sharing

Red Organic Sensors | Tactical Sensors ISR Sensors
Force Info Sharing Info Sharing Info Sharing
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The Global Information Grid (GIG):
Entry Fee for Mature NCW

-

Warrior Components

* A single secure Grid providing Information
Superiority for the DoD and Intelligence

: \
Community s
. Seamless end-to-end capabiliti s

eamless end-to-end capabilities § N Giobal Applications %
« Joint, high capacity netted operations g — =TT =
= = Wl :
* Fused with weapons systems s =
. " | & ) E
* “Plug and Play” interoperability § w< g
* - Guaranteed for US and Allied ”rE% e g
+ - Connectivity for Coalition users : N\ Com“icaﬁ‘“‘s -

* Information/Bandwidth on demand ‘ Doctrine

Policy
* Defense in Depth against all threats o mg

Spectrum
Architectures  Standards

Protected, Assured, Interoperable Information

GIG Systems Reference Model:
How We Think IT Fits Together

Warrior and Other National Security Components

Personal Communications Regional

and Local Connectivity for and Global
_Computing

Comm & Computing
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Networking The Force: Sensors

Sensors
Regardless of Platform

an

Networking the Force: Effecters

Effecters

Regardless of Service
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Networking The Force: Decision Makers

Decision
Makers

Regardless of
Location
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IV. Metrics for Transformation, Joel Resnick

=

Metrics for Transformation

Brief to IDA Cost Research Symposium

23 May 2002
Joel Resnick

o
IDA  Qverview to Study on Metrics for Transformation

* IDA-wide study to advance transformation
— OSD sponsored (PA&E lead, with AT&L, Policy, and OFT)
— Started early January ’02
- Input to mid April '02 DPG

+ Task
- Develop framework to think about transformation, QDR goals, metrics
— Identify metrics for QDR’s six operational goals
— Apply them in exemplar cases

+ Status of Results
— Brief: Developing Metrics (3/24/02)
— Brief: Using Metrics (4/8/02)
— Brief: Guidance for Transformation & Metrics (4/12/02)
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Goals, Enablers, Metrics: Nuclear Posture

ENABLING CAPABILITIES DESIRED PERFORMANCE

S
2

Goals, Enablers, Metrics: Conventional Posture

ENABLING CAPABILITIES DESIRED PERFORMANCE
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Y Focus: QDR Report & Six Key Operational Goals

* QDR Report (9/30/01) addresses transformation

— Not all change in capabilities (however desirable) is transformational
— Purpose of transformation:
+ maintain or improve US military preeminence
+ in the face of potential disproportionate discontinuous changes in environment

- Six goals focus for DoD’s (immediate) transformation efforts
1. Protect bases of operation, home and abroad, and defeat threat of CBRNE weapons
2. Assure information systems in the face of attack and conduct effective info ops
3. Project and sustain US forces in distant anti-access and area-denial environments

4. Deny enemies sanctuary by providing persistent surveillance, tracking, rapid
engagement

5. Enhance the capability and survivability of space systems

6. Leverage info technology and innovative concepts to develop interoperable Joint
C4ISR

b4 Two Basic Transformation Themes Implicit in QDR

+ Manage Risk & Uncertainty

- Extend what we sometimes do well into new domains
+ Protect bases, project forces, deny sanctuary
+ Important for capabilities-based force

- Meet a “high bar” in doing it
+ Breadth and endurance in capability, strategic impact on Red

- But, as long as it’s cost-effective, shouldn’t care how it’s done
+ An old way can be as good as a new way

* Do Things Fundamentally Differently
- “It's about T*R*A*N*S*F*O*R*M*A*T*I*O*N stupid!”
- So we should care strongly that we change how things are done:
+ How we fight (e.g. new competitive space, new performance curve)
+ How we prepare to fight (e.g. new DoD processes, culture valuing innovation)
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Contribution of Goals to Transformed Force

Focus: Extending Performance Focus: “The Information Posture”

(may motivate fundamentally new approaches)  (enables fundamentally new ways to fight)

A4 A 4

S
2

Who Says It's Transformational?

he Problem Managing Risk & Uncertaint)

6 QDR Goals| Other Goals
The Solution

[Fundamentally
[New Way

Old Way
(but Cost-
Effective)
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Who Says It’s Transformational

he Problem Managing Risk & Uncertaint
6 QDR Goals| Other Goals
The Solution
[Fundamentally ALL OFT.
New Way Services
CJICS
%ld \é’ay QDR Services, if
ut Cost- :
( . Services [-€xpensive
Effective) .
cJcs? |-high tech
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IDA  Contributions of Goals to Decision Superiority
Goal #2: Goal #6: Goal #5:
Effective IA/IO Interoperable Joint C4ISR Space Control

Timely and accdrate relevant information
Widely shared
Deeply understeod

OIO vs. Red C4ISR

\

GPS fo*weapons
and platforms |

OIO vs. other targets
e.g. infrastructure

Much more effective force
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Performance Attributes & Metrics for C4ISR

+ Timeliness & Accuracy of Relevant Information
- Timeliness -- latency of information + speed of decision making
- Accuracy -- completeness + correctness

+ Extent of Sharing

Horizontal as well as vertical reach within the organization

Across organizational boundaries (Service lines, interagency, coalition)
- Sensors, users, weapons

Across time-zones and geography

* Depth of Understanding

- People - quality and quantity of education and exercises
Decision tools - availability/sophistication of tools to turn data into understanding
Procedures - planning for discourses to share mental-models and judgments
Performance demonstrated -- tests, exercises, ACTDs, contingencies

Y Decision Superiority: Much More Effective Force

+ Enable operational concepts effective for specific QDR goals
- Urban ops with less casualties/collateral, by emphasizing Understand and Shape
- Attack of mobile targets emphasizing rapid sense-and-attack ops
- Rapid decisive joint operations using decision superiority as “armor”

+ Enable new ways to fight in a range of future joint operations
- Self-synchronized operations
- Operational-level effects based operations
- focused on adaptation to effects of actions, rather than target attrition
- Operations with much less idle force:
- more target information in a target poor environment
- faster decision making vs time-sensitive targets
- reduced operational uncertainty, to reduce need for uncommitted reserves

IV-6




5

I

Approach to Extending Performance: Goals #1, 3, 4

* Describe the goal (in a transformational sense)
— Visualize breadth and robustness
+ multi-dimensional spider chart in most cases
- Focus on high-risk difficult operational problems

+ |dentify key enabling capabilities in new operational concepts

+ Develop associated metrics

* Explore use of key enablers and metrics

S
2

Goal #4. Deny Enemies Sanctuary

Deny enemies sanctuary by providing persistent surveillance, tracking
and rapid engagement with high-volume precision strike, through a combination
of complementary air and ground capabilities, against

critical mobile and fixed targets at various ranges and in all weather and terrains.

Weathe Ranges

Blue Mission/RoEs

TELs/C2

Mixed Support

Som&\regional

Mountain ExtensiveXpeater-wide
Urban Red Defenses/Counters

Civilian Environment
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~....... Blue Jission/RoEs

‘__-d Support
e “Civilian Environment

Urban Red

Defenses/Counters

= Goal #4. Examples of Operational Problems
Based on Terrain & Red Target

|

Target Combat [Fixed
Terrain Leaders [TELs/C2 (Irregulars

Urban

Forest,
Jungle
Caves,
Tunnels

Mountain
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DA Goal #4: New Ops Concepts, Key Enablers, Metrics

New US operational concepts emphasizing “understand, shape, track”, eg
- Inurban areas, achieve objectives with low casualty rates and collateral damage
- Inforest/jungle areas, achieve objectives quickly

1. Understand environment and localize Red, Blue, Others
- Quality of cueing for different targets (time delay, confidence, location uncertainty)
» based on intelligence, launch detection, SIGINT, HUMINT over-watch, staring sensors
2. Shape environment and control Red
— Delay in Red commanders situation awareness and communication to units/HQs
» based on use of offensive 10, anti-mobility barrier
3. Comprehensively track and ID targets
— Duration and accuracy of tracking and identification
» based on new sensors, distributed netted sensors
4, Effectively engage targets

- Effectiveness of weapons with “special” capabilities (effective in these terrains)
» based on simulations, tests, real contingencies 17

S
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Picking Specific Programs?

« Enablers and metrics developed focused on transformation
— ldentify how programs support one of the six goals
- Not intended to capture desirable changes not transformational

« Don’t capture factors important in picking specific programs
— Costs -- development, acquisition
- Risks -- technological, environmental
— Other impacts -- personnel, infrastructure, Congressional
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ID. Analysis of an Investment Strategy

+ Portfolio Analysis
- Given -- portfolio of programs (e.g., acquisitions, DARPA programs, ACTDs, JEs)

— Issue - how well does it cover QDR goals
— Approach -- map programs to all goals covered (used 97 ACTDs from '95 - '02)

* Individual Goal Analysis
- Given - programs tied to a goal
- lIssues

+ Coverage of enablers

+ Adequacy of coverage

- Approach
PP Metric analysis
+ Map programs to enablers (used ACTDs) identified the key

+ Use metrics to evaluate impact on enablers enablers

)

Observations Based on Mapping ACTDs

S
X

+ High focus (45 of 97 ACTDs) on Goal #6 (Joint Interoperable C4ISR)
and Goal #1 (Protecting Bases/Defeating CBRNE)

- Long-term interest in DoD on these goals
- Do these ACTDs lay the basis for big improvements in coming years?

Low focus (13 of 97) on Goal #2 (I0/IA) and Goal #5 (Space)
- Space expensive to do and AF + NRO fund similar programs
- 10/IA probably ripe for more attention but may not be well matched to ACTDs

+ Other observations
- 12 of 97 ACTDs associated with more than one goal

- Only minor differences in focus in ‘95-'98 vs ’99-'02
— 22 ACTDs (23% of total) not strongly tied to any goal

+ What’s appropriate % in coming years?
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ACTDs Mapped to Enablers for Goal #4

Open, Desert Forest Urban Caves & Tunnels
ADS,
Undesrit:n: and MOUT
P (shape)
- HY CAS, SBMTI
Comprehensive ’ ’
MAV
Tracking & ID UAV, MAV,
GAPS, PTI,
UGS
Effective ATL, LEWK ADS TACMS-P (Vehicles)
Engagement (Vehicles) Thermobarics (People)

*Focus has been on open terrain

*Gaps exist for more difficult environments

21

Y Comments: Analyzing Existing Investment Strategy

Key enablers and metrics useful for identifying:

- Gaps in coverage
— Trends over time

- Appropriate future emphasis

Limitations

— Gaps in one “portfolio” could be addressed in another “portfolio”
- Lack of gaps doesn’t mean that all issues being addressed

Really need all the investments for each goal
- All technology programs (ACTDs, RDT&E, DARPA programs)
- All experimentation (Joint, Service, CINC, Defense Agencies)

- All acquisitions

These would be worth analyzing in detail
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Transformation-Driven Guidance

Cold War: Services faced Soviet-threat driven performance standards

--Surviving missile throw-weight and RVs

--Air lift in mton-miles/day

--Army forces available in Europe -- ten divisions in ten days

Post Cold War: Services faced new threats and performance standards, e.g.
--New threats - MTWs, SSCs, PK/HA
--New technology -- precision munitions, UAVs, stealth aircraft
--New missions -- aerial denial over Iraq

Today: QDR goals do not yet provide same specific performance standards

--Little in the way of specific new missions or procurements
--New joint operational concepts are still largely conceptual
--Still working at defining strategy-driven capabilities-based requirements

_ 23

D4 Could Call for Needed “Infrastructure”

1. Define Where We Are Today. Director (PA&E) will define for the
Department the current existing “investment portfolio” for each goal, and
use it as an aid to investment decisions. The portfolio will include all
current technology programs (ACTDs, DARPA, other RDT&E), all
experimentation (Joint, Service, CINC, Defense Agency), and current
acquisitions critical to achieving each goal.

2. Appoint Advocates. Director (Force Transformation), Director(PA&E),
and Director (Joint Staff) will each identify assistants to be advocates for
each goal, e.g., when reviewing the investment portfolio for that goal or
new models and simulations.

3. Provide Analytical Continuity and Focus. Director (Force
Transformation) will arrange for an organization (e.g., Service Battle Lab,
FFRDC, contractor) to give relentless analysis to the QDR goals and the
opportunities for synergy among them, and to capture and share what is
learned by DoD and US allies about them.
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T Overview to Study on Metrics for Transformation

+ IDA-wide study to advance transformation
— OSD sponsored (PA&E lead, with AT&L, Policy, and OFT)
— Started early January ’02
- Input to mid April 02 DPG

+ Task
— Develop framework to think about transformation, QDR goals, metrics
- ldentify metrics for QDR'’s six operational goals
— Apply them in exemplar cases

+ Status of Results
— Brief: Developing Metrics (3/24/02)
— Brief: Using Metrics (4/8/02)
— Brief: Guidance for Transformation & Metrics (4/12/02)

25

S
2

Backups
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b4 Thinking about Transformation & Metrics

INPUTS DOD PROCESSES OUTPUTS
Enabling Desired

Capabilities  Performance

27

P N
IDA How the Six QDR Goals Map
DOD PROCESSES ENABLING CAPABILITIES  DESIRED PERFORMANCE
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QDR Goals Support Decision Superiority

DOD PROCESSES ENABLING CAPABILITIES  DESIRED PERFORMANCE

iba Several Ways to Approach the Six Goals

Tie goals to one transformation objective
- QDR did not offer one
- We couldn’t invent one

Look at goals as a collection of enabling capabilities
- Like aerial refueling in ’30s, satellites in ’50s
— But this loses the coherence that some goals have

Look at goals as separate independent objectives
- Some goals identify desired performance or new contexts
— But others focus on “information”

Identify common transformational themes for the goals

30
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Examples of ACTDs Not Tied to QDR Goals

« FY02: Language & Speech Exploitation Resources (LASER)

- Automation of translation of spoken or written foreign languages

* FY01: Personnel Recovery Extraction Survivability/Smart-Sensors
- Real time automated precision evader location, tracking and re-supply devices

+ FYO00: Quick Bolt (QBolt) -- Integrating 5 guidance technologies into HARM
+ FY99: Joint Medical Operations — Telemedicine (JMO-T)

- Integrate Services deployable theater medical tele-presence

+ FY98: Line-of-Sight Anti-Tank System (LOSAT)
- System lethality vs tanks, deployability/mobility, military utility

+ FY97: Joint Advanced Health & Usage Monitoring System (JAHUMS)

- On-board sensors and diagnostics to monitor individual helicopter health/use
+ FY96: Combat Vehicle Survivability (CVS) --Technology for Abrams tank
+ FY 95: Low-Life-Cycle Cost Medium-Lift Helicopter (LLC Helo) -- COTS,,

S
2

Measuring Near-Term Progress: The Problem

+ Standard resource measures (inputs) of limited value
- Inputs tell nothing about how effectively they’re used
— Still, levels and trends can identify emphasis

+ Performance measures (outputs) always preferred
- But new performance is a long way off
- Even major program and organizational changes are a way off
+ These could be measured with program milestones
+ Need other measures as a check list for progress on each goal, e.g.
— New processes that are inputs to, and supportive of, transformational activities
- Intermediate results, that will lead to major program/organizational changes
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IDA Metrics Useful for Measuring Near-Term Progress

Process Inputs:

Vigorous concept development/JE, Service participation/buy-in
Innovative use of ACTDs for continuing experimentation
Agency identified to capture/share what’s learned
ew tools/techniques developed (e.g., M&S
Divestiture process in place

Resource Inputs: Final Results:
Standard measures ($, staff) New level of performance
CEO leadership

Allies involvement

Intermediate Results:
DOTMLPF sets recommended
OEs identified for new desired performance
Unanticipated discoveries from exploratory activities
New concepts developed with adaptive Red/Blue Teams
Early operational assessments (e.g., Army limited user tests)

This page and the next discuss the kinds of metrics that can be developed at
this stage for the inputs, the process, the intermediate results, and the new,
fielded capabilities. In each case, a few examples are provided to illustrate the
opportunities—and the problems—for metrics intended for the CEO’s use. And
since they’re for the CEO, we’re not looking for a large number of them.

Evaluate the Inputs —Hard & Harder

Metrics that enumerate resources and compare them to a yardstick need to
focus on inputs that are clearly related to transformation. One could be the
money for joint concept development and experimentation. Another could be the
money for S&T programs supporting key enablers for transformation (e.g. an
information utility). Another could be the changes in the personnel system to
recruit, train, and retain the people with the key skills (e.g., information
technology) that will be needed for the reshaped force.

Developing useful metrics for the commitment of DoD’s "CEOs” (SecDef
and CJCS) raises some sensitive issues. These should be planned for use by the
CEOs as a self-check, rather than an external report card. In this case, metrics can
be created permitting them to assess if the extent of their involvement and
personal leadership meet their own personal commitment.
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DA Types of Guidance on Transformation & Metrics

1. Transformation-Driven Standards to Meet
2. Steps to Greater Specificity

3. Infrastructure to Put in Place

4. Current Portfolios to Manage

5. Specific Gaps to Plug

6. Innovative Activities to Encourage
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V. Role of Cost Analysts in the New Defense Environment,
Gary Bliss

IDA CRS

The Role of Cost Analysts in the New
Defense Environment

Gary Bliss
Director, Weapon Systems Cost Analysis Division
OD/PA&E

Institute for Defense Analysis Cost Research Symposium

May 23, 2002

/512002 10:17 AM

Budgeting to CAIG Estimate

» Budgetary instructions to Services states:

“In order to achieve program stability and avoid cost stretch-out, [the Services shall]
properly price programs at not less than levels estimated by the Cost Analysis
Improvement Group”

* New guidance has a few “execution” issues:

« CAIG has been staffed and organized primarily to perform
episodic reviews at milestones (and fit in other duties)

« Continuous maintenance of program estimates generally not done
* Thus, demand by Services for current CAIG POM numbers often problematic

+ Demand for acquisition milestone reviews continues unabated

* Final resolution not clear
+ In the short run, CAIG is doing the best it can to provide numbers
« Expansion of CAIG staff is a possibility

6/12/2002 4:20 PM




Combined Budget/Program Review

» Combination of two processes is the baseline

* Major features of the process remain unresolved

+ Details of the decision-making calendar and specific
points of responsibility remain ambiguous

+ Detailed proposals implementing the new system now
being staffed

+ Major thrust: ensure that the budget that results reflects
the Administration’s transformation priorities
* More concrete guidance on the process should
be forthcoming shortly

6/12/2002 4:20 PM

Things Community Can Count On

* Costs in Service POMs will be scrutinized
+ OSD CAIG’s “Realistic Costing Issues” will be updated

+ Major Issue papers/studies will be developed

+ Likely candidates include topics that derive from
Spring/Summer’s Front End Assessments (FEAs)

+ In addition, other topics related to Transformation-
related issues are likely

+ Grouping of issues may be made in unfamiliar ways
» Decision-making calendar is likely to stack up
many key matters towards the end of the process

+ Holiday period could easily become one in which
numerous alternatives need to be addressed

6/12/2002 4:20 PM 4
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Nunn-McCurdy

* Administration believes restoring “credibility” of cost
estimates a key goal
+ Nunn-McCurdy certification issues, thus, take on new
significance
» CAIG now conducting intensive 6-8 week estimate updates
+ Extensive contact with PM staff and contractor visits
*  Nunn-McCurdy Programs have, by definition, poor
estimates
+ First question is: “What caused growth?”

« Particular emphasis is being placed on identifying where and
why estimates failed; what issues did we fail to address?

+ Objective is to improve cost methods/cost reporting

6/12/2002 4:20 PM

Evolving Role of Cost Estimators

*  Nunn-McCurdy work bringing a somewhat new role for cost
estimators: Management Consultant
+ CAIG is also providing extensive “back door” feedback to
both contractors and PM chain on
+ How performance compares to industry standards
+ Specific opportunities for improvement and reduced costs
+ Specific individuals elsewhere in industry to benchmark
+ Essence of this work is the establishment of unambiguous
quantitative metrics
« Conveniently, many useful metrics are often precisely those
we use for cost estimating (e.g., hours/drawing)
+ Being able to say, for example, industry’s best firms are able
to achieve X annual inventory turns is immensely useful
«+ Interest in this type of advice in both the private and public
sector management chain is intense

6/12/2002 4:20 PM 6







VI. OSD Perspective, Russell Vogel

Costing the Transformation: The OSD
CAIG Perspective

Russ Vogel
OSD CAIG Executive Secretary
May 23, 2002

2 OSD/CAIG —=

Outline

*What is the transformation?
*Transformation initiatives
*CAIG activities and research projects

*Transformation vision

2 OSD/CAIG —=
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What is Transformation™?
Purpose: Keep the Armed Forces superior to any other
nation’s - today and tomorrow

Method: Maintain our quality force and transform it to
meet challenges of the 21st Century

Endstate: An agile, knowledgeable, and decision-superior force

“Our primary purpose is to win our nation’s wars - hone the warrior ethos”

*CJCS Strategic Plan, 5 December 2001
' 2 OSD/CAIG ===

Transformation Initiatives*

*Goal: to improve linkage between strategy and
investments

*Approach: focus DoD investment resources on four
operational goals
*Dominate land, sea, air, and space battlespace
* Achieving information and decision superiority
*Deploying and sustaining military power rapidly

«Strike with precision

*2001 Quadrennial Defense Review, pages 41-46.

q 2 OSD/CAIG —=

Page 4
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Transformation Initiatives
1. Dominate land, sea, air, and space battlespace

» Homeland defense: DoD must be prepared to support local and state
authorities

* Increasing investment in personal chemical/biological/nuclear
protection

* Selected readiness enhancements for Army Reserve
* Develop missile defenses
* Ensure freedom of movement in space

* Protect space assets from asymmetrical attack

g a1 OSD/CAIG —=

Transformation Initiatives

1. Dominate land, sea, air, and space battlespace

CAIG Activities
*Ballistic Missile Defense Programs
*Space programs
*Advanced Wideband/Mobile User Objective System
*Space Based Radar
*National Polar-Orbiting Operational Environmental Satellite System

CAIG Studies
eImproved CERs for BMD Systems
*SW Metric & Cost Growth Driver

q 2 OSD/CAIG —=

Page 6
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Transformation Initiatives

2. Achieving information and decision superiority

* DoD must be able to rapidly collect, process, disseminate, and protect
information

* Perform computer network defense and attack missions

* DoD requires high-capacity, interoperable communications systems
that can transmit over secure, jam-resistant datalinks

* Overcome projected bandwidth constraints

» System architectures must be designed to incorporate interoperability

g a1 OSD/CAIG —=

Transformation Initiatives
2. Achieving information and decision superiority

CAIG Activities

* Global Combat Support System,
*Cooperative Engagement Capability
*Advanced Wideband System

*High Performance Computing Modernization
«Joint Tactical Radio System

CAIG Studies

*Improved Methodologies for Estimating Development Costs
*Cost Behavior of C41 Systems

*SW Metric & Cost Growth Driver

q 2 OSD/CAIG —=

Page 8
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Transformation Initiatives

3. Deploying and sustaining military power rapidly

* DoD must be able to project power worldwide

* Deliver appropriate firepower to locations where infrastructure is
lacking or has collapsed

* Mask movements as much as possible

» Accelerate development of Army Objective Force

g a1 OSD/CAIG —=

Transformation Initiatives

3. Deploying and sustaining military power rapidly

CAIG Activities

*SSGN Conversion

*C-130AMP

*Force XXI Battle Command Brigade and Below Program

CAIG Studies

*Systems Engineering and Integration Costs for Navy Combat
Systems

*Force and Support Cost System

*VAMOSC Metrics Study

*SW Metric & Cost Growth Driver

q 2 OSD/CAIG —=

Page 10
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Transformation Initiatives

4. Strike with precision

* DoD must be able to find and strike enemy forces while limiting
collateral damage (e.g., precision strikes)

* Increased emphasis on intelligence, surveillance, and reconnaissance
initiatives

* Manned and unmanned long-range assets

g a1 OSD/CAIG —=

Transformation Initiatives

4. Strike with precision

CAIG Activities

*Global Hawk

*Joint Air Surface Standoff Missile
*Small Diameter Bomb

CAIG Studies

*Cost Behavior of C4I Systems,

*Cost Growth Database Website,

*Next Generation of UAV/UCAYV Cost Estimating
*SW Metric & Cost Growth Driver

q 2 OSD/CAIG —=

Page 12
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Transformation: The Vision

Transformation is not an endstate....it’s a process

Increased
Capability;

New Processes

Concept Development Assessment Experimentation

If you don’t know where you’re going, any road will take you there

a1 OSD/CAIG —=
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VII. Navy Perspective, Leonard Cheshire

2002 IDA COST RESEARCH SYMPOSIUM
23 MAY 2002

NAVY PRESENTATION: LEONARD CHESHIRE

ASSESSMENT OF NAVY CAPABILITIES TO ESTIMATE THE
COST OF THE TRANSFORMATION

My presentation will cover estimating the cost of the transformation in the
Navy. The assessments, cost information, and studies associated with this subject
represent the collective position of the various cost-estimating organizations
within the Navy.
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Outline

* Meaning of Transformation to the Navy

* Areas of Transformation

+ Capabilities to Estimate Costs

* Summary and Conclusions

My approach for this presentation is to define what transformation means
to the Navy, discuss several different areas within the transformation, define
representative weapons systems relevant to each area, assess the Navy’s ability
to perform cost estimates of the transformation, and, finally, summarize and
draw some conclusions.
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Contributing Organizations

» Naval Center for Cost Analysis (NCCA)

* Naval Air Systems Command (NAVAIR 4.2)

* Naval Sea Systems Command (NAVSEA 017)

* Naval Surface Warfare Center, Carderock Division (NSWCCD)
* Naval Surface Warfare Center, Dahlgren Division (NSWCDD)
* Office of Naval Research (ONR)

» Air Force Cost Analysis Agency (AFCAA)

* OSD Cost Analysis Improvement Group (CAIG)

* RAND Corporation

The organizations shown on this slide submitted cost research summaries
that are relevant to the topic of Navy transformation. Studies from each of these
organizations are referenced in this presentation. Note that they are not all Navy
organizations.
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Meaning of Transformation
to the Navy

* Developing weapon systems capable of rapid engagements and high-
volume precision strike

* Developing sensor and network-based systems capable of persistent
surveillance and tracking

» Developing platforms and weapons capable of countering projected
anti-access and area-denial threats

» Reorienting itself to put more forces forward to reassure allies, provide
deterrence and quickly defeat our adversaries

The fundamental purpose of transformation is to move from superiority
over a Cold War opponent to dominance across the full spectrum of twenty-first
century military operations. Full spectrum dominance is to be achieved through
Joint Response Forces (i.e., there will be a significantly enhanced operational
capability by building a true joint integrated force capability). This will be
accomplished by first transforming early entry forces using proven
transformational technologies and concepts, and then building on forward-
deployed capabilities through stationed and rotating deployments.

This slide addresses in a broad sense the implication of transformation to
the Navy: rapid engagements and precision strike; persistent surveillance;
countering access-denial threats by the enemy; and providing deterrence.
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Four Major Areas of Navy
Transformation

Achieving Information and Decision Superiority

» Striking with Precision

Deploying and Sustaining Military Power Rapidly

Dominating Land, Sea, Air, and Space Battlespace

The capabilities of the previously mentioned Joint Response Forces
encompass four general war-fighting capabilities, or areas, as depicted on this
slide. This presentation will address these areas of transformation from the
following perspectives.

First, while these four war-fighting areas were defined to help focus our
thinking and analyze the use of the Navy’s assets, in practice there will often be
an overlap of the way in which assets are deployed. For example, the E-2C is an
important asset associated with achieving information and decision superiority
and also dominating land, sea, air, and space battlespace. Since the focus of this
symposium is estimating the cost of Navy assets associated with the
transformation, in this presentation I will not make multiple references to the
same systems that could be used in more than one transformation area.

Second, it is very difficult, and perhaps meaningless, to segregate Navy
war-fighting capabilities into those that are transformational in nature and those
that are not. So, for discussion purposes, I have tried to focus on both some
conceptual projects not yet in existence and some existing assets that might be
used in ways different from the past.
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Four Major Areas of Navy
Transformation (Cont’d)

Achieving Information and Decision Superiority

» Striking with Precision

Deploying and Sustaining Military Power Rapidly

Dominating Land, Sea, Air, and Space Battlespace

Now, returning to the structure of the four transformational areas, we note
that Naval forces must be able to set the conditions and establish control in either
a hostile environment or a permissive environment. To have this flexibility, the
Joint Response Force concept must provide: deployable Joint Command and
Control systems; tailorable force modules that train and exercise together; robust
connectivity; pervasive networks of intelligence, surveillance, reconnaissance
and targeting assets; long-range precision strike ability and information; and
forward-deployed forces.

The next four slides discuss the Navy’s objectives, and the primary means
of achieving those objectives, of the four general areas of transformation shown
here. Then I will move on to discuss the assessment of the Navy’s ability to
estimate the cost of these identified means.
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Achieving Information and Decision
Superiority

* Objective: Navy will achieve greatly enhanced lethal warfighting
capability by coupling comprehensive surveillance with high-volume
strike. This area of Transformation is concerned primarily with
surveillance and command and control.

* Means:

— ADS and UUVs will monitor littoral environment on and below
the ocean’s surface

— CEC system will tie Battle Groups’ airborne and ship borne sensor
systems into a single network

— Navy will take advantage of manned and unmanned platforms with
upgraded sensor suites: E-2C and TUAV

— Navy will modernize communications and information systems:
GBS and GCCS

The critical elements necessary to achieve information and decision
superiority are: command and control; information and communications;
intelligence, surveillance and reconnaissance; and information operations.

The following capabilities are necessary to achieve the objective: a cohesive
Joint Command and Control system able to conduct rapid and decisive
operations; web-based, robust wide-band, ubiquitous networks with associated
information management capability; a shared, comprehensive, dynamic
depiction of the entire battle space.

Key Navy programs for accomplishing this area of transformation include:
underwater surveillance provided by Advanced Deployable System (ADS) and
Unmanned Underwater Vehicles (UUVs); Cooperative Engagement Capability
(CEC) which will unite Battle Groups” airborne and ship borne systems into a
single integrated network; air and surface monitoring by E-2Cs and Tactical
Unmanned Aerial Vehicles (TUAVs); and modernized command, control and
communications systems, such as Global Broadcasting System (GBS) and Global
Command and Control System (GCCS).
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Striking with Precision

* Objective: Provide increased covert strike and special operations
capability

* Means:
— Use V-22 in austere environments

— TACTOM onboard SSGNs will provide precision strike capability
at fixed and relocatable targets

— ERGM will more than triple the range at which ships can provide
artillery support to troops on the ground

— AAAVs will provide faster platforms with greater standoff
capability

— Stealthy JLRCM will provide ability to strike more distant targets
with little advance warning

— Small-diameter bomb will significantly increase the capability of
carrier-based aircraft in a single sortie

— JSF will support ground forces

The critical elements necessary to achieve striking with precision are: long-
range precision attack; time-critical precision targeting; supporting forces; and
direct force insertion. The following capabilities are necessary to achieve the
objective: intelligence, surveillance and reconnaissance assets that can locate key
adversaries’ defenses; stealth aircraft with precision munitions; cruise missiles
with precision strike capability; escort aircraft for force protection; and direct
insertion forces with standoff protection.

Key Navy programs for accomplishing this area of transformation include:
use of V-22 in austere environments; converting four Ohio SSBNs to SSGNs with
the maximum number of Tactical Tomahawk (TACTOM) cruise missiles; use of
the Extended Range Gun Munition (ERGM); use of Advanced Amphibious
Assault Vehicles (AAAV) as the centerpiece of future U.S. Marine Corps
mobility; producing the Small Diameter Bomb; developing stealthy Joint Long-
Range Cruise Missile (JLRCM); fielding and use of JSF to support ground forces.
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Deploying and Sustaining Military
Power Rapidly

» Objective: Provide faster, more responsive world-wide logistics
distribution and deployment through greater mobility and sustainment

* Means:
— Faster sealift capability

— Joint Logistics-over-the-Shore (JLOTS) ship

Pre-positioned assets: Modernized Maritime and Afloat Pre-
Positioning Forces

— Advanced capability ships such as the Strategic Tanker

The critical elements necessary to achieve deploying and sustaining military
power rapidly are: command and control; deployment; focused logistics; and
forward basing and infrastructure. The following capabilities are necessary to
achieve the objective: ability to lift a high volume of personnel, equipment or
supplies by fast advanced airlift; ability to deploy by strategic or theater sealift at
speeds significantly faster than today’s ships; reduced dependence on developed
ports and large destination airfields; and ability to exploit pre-positioned assets
by substantially improved speed and ability to move them intra-theater.

Key Navy programs for accomplishing this area of transformation include:
high-speed sealift ships capable of sustained speeds of 45 knots with significant
on/offload capability; joint logistics-over-the-shore (JLOTS) to enable sea-state
three (5-8 foot vs. current 2-3 foot) seas capability; Modernized Maritime and
Afloat Pre-positioning Forces that enable rapid deployment and application of
forces to crisis locations; and advanced capability ships, e.g., the strategic tanker.
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Dominating Land, Sea, Air and Space
Battlespace

* Objective: Counter threats at-sea and ashore
e  Means:

— ESSM on carriers, large-deck amphibious ships and new destroyers will counter
anti-ship cruise missiles (ASCM)

— For ships not carrying ESSM, a projectile that can be fired from a standard Navy
5-inch gun will be developed to counter the ASCM-armed small-boat threat

— SSGN (shown previously) will enhance the Navy’s capability to impact the ground
campaign with large numbers of Special Operations Forces

— New surface combatant with advanced hull forms and new technologies will
enhance operations in littoral environment (smaller ships for faster maneuver)

— MC, a family of ship, submarine and air launched sensors, will assist U.S. forces in
avoiding enemy mines

— AESA will provide the E-2C with enhanced early radar detection capabilities

— ADS (shown previously) will provide short-term ability to detect enemy submarines
in littoral waters

— MMA will provide armed surveillance of maritime and littoral regions

The critical elements necessary to achieve dominance of land, sea, air and
space battlespace are: command and control; maneuver and mobility;
intelligence; firing systems; logistics; protection; and nuclear, chemical and
biological defenses.

Many of the key Navy programs identified under the previous three areas
of transformation are also clearly applicable to the dominance of land, sea, air
and space battlespace. They include CEC, V-22, AAAV, TUAV, UUV, ADS, E-2C
Upgrade, SSGN conversion, TACTOM and JSF. Additional key Navy programs
for accomplishing this area of transformation include: Evolved Sea Sparrow
Missile (ESSM); Special Operations Forces embarked on SSGNs; a new-
technology surface combatant for operations in a littoral environment; an organic
Mine Countermeasures (MC), a family of ship-launched, submarine-launched,
and airborne sensors and weapons integral to the neutralization of mines for the
Battle Group; the Active Electronically Scanned Array (AESA); and the Maritime
Multi-Mission Aircraft (MMA).
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Capabilities to Estimate Costs

* Assessments on the following slides are based on the assumption that
an established baseline is available for all systems

* Dependent on Cost Analysis Requirements Description (CARD)
availability
— Desired for Milestone A
— Essential for Milestones B and C
* In the absence of a CARD, future systems:
— Might use high level parametrics/CERs
— Might estimate at the total system or program level
¢ Need data: cost, schedule, technical
* Need cost estimating methods/models/CERs

The ability to estimate the cost of any weapon system is dependent upon an
established baseline: the cost estimator must know how much of what is to be
acquired, and when. That is true whether or not the system is one associated
with the transformation. The more thorough and comprehensive the baseline, the
better product the cost estimator will produce. The Cost Analysis Requirements
Description (CARD) should provide the degree of completeness needed with
respect to the baseline. Though highly desirable, CARDs are often not available
at Milestone A, but they are essential at Milestones B and C.

Assuming the existence of a CARD for a milestone, the capability to
estimate the cost of the transformation is essentially the same as to estimate any
system. However, when we are thinking about the transformation, we may be
considering future systems for which there is no well-defined concept, much less
a baseline or CARD. In those situations, we might have to resort to a high-level
parametric approach, or even estimate at the total system or program level.

As with any cost-estimating situation, several fundamental tools are needed
if we are to have the ability to estimate the cost of the transformation. We need
several types of data (cost, schedule, and technical), and cost estimating
methods/models/CERs.
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Navy Cost Estimating Capabilities
Achieving Information and Decision

Superiority
UNITS/FORCES DEV. PROC. 0&S
E-2C Upgrade
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GBS Upgrade
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We think it is most useful to discuss our capabilities to estimate the cost of
weapons systems by phase of the life cycle. To do so, we have chosen a
somewhat subjective color scheme to indicate our capabilities to estimate, by life-
cycle phase, the cost of weapon systems associated with the four
transformational areas. Red indicates that our ability to estimate the cost is poor
to non-existent; yellow, that our ability is fair; and green, that our ability is good.
We used an assessment of not applicable (N/A) for weapon systems whose
development phases have essentially been completed.

The weapon systems shown on this slide are identified as important to the
transformational area “Achieving Information and Decision Superiority”, but
some of them are also identified with others areas of the transformation. With the
exception of Unmanned Underwater Vehicles (UUVs), our capability to estimate
the costs of these systems is considered fair to good.

It is difficult to estimate the cost of UUVs because we have so little
experience with them, and there are no on-going studies that might assist us in
this area. However, for most of the systems shown on this slide, there are
ongoing studies that can be of assistance in estimating their costs. The next slide
addresses some of the ongoing studies that provide cost-estimating capabilities
for the weapon systems shown here. I will associate each referenced study with
the appropriate weapon system, and indicate the phase of the life cycle to which
it has primary relevance.

VII-12



Achieving Information and Decision

Superiority
* NCCA-10: “Weapon System Software Development Cost/Technical
Database”
* NCCA-11: “Weapon System Software Development Estimating

Methodology”

*+ NCCA-12: “Weapon System Software Maintenance Cost/Technical
Database and Estimating Methodology”

NCCA-10 This software development technical database collects objective
metrics (i.e,, SLOC, effort, schedule, language, etc.) for weapon system programs,
primarily Navy. The database is comprised of all platforms, including shipboard
electronics and avionics. The database contains data from various contractors (i.e.,
Raytheon, COMPTEK, Lockheed Martin, etc.). All data is collected via an automated
data collection form that was developed in MS Excel. The data ranges from the early
1980's to the late 1990's and covers various types of development processes.

NCCA-11 The weapon system software development estimating methodology
will use data collected for the software development technical database. The
methodology will update the current Software Development Estimating Handbook
Phase I, as well as provide contractor specific estimating methodology. The
equations will have associated statistics to support all algorithms and factors.

NCCA-12 Software data for this effort are collected primarily from Government
software maintenance facilities. It uses Trouble Reports, ECPs and efforts associated
with opening and closing reports (time spent on that ECP or trouble report). The
methodology portion includes a curve to show distribution of Trouble Reports and
ECPs over time. Most of the data up to this point have involved shipboard
electronics. This study is developing estimating equations to project maintenance
costs over time and maintenance cost per Trouble Report and ECP. The three NCCA
software-related studies could be applicable to any of the units/forces in this
transformational area.
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Achieving Information and Decision
Superiority (Cont’d)

* NAVAIR-2: “SLAP/SLEP Full Scale Testing Model”

* NAVAIR-3: “Demilitarization/Disposal Model”

e AFCAA-16: “Aircraft Software Data Track”

NAVAIR-2 This study uses the results of existing technical information and
inputs from class desk personnel supporting programs currently evaluating
Service Life Assessment Program (SLAP)/Service Life Extension Program (SLEP)
efforts to build an estimating model approach to estimating SLAP/SLEP and
associated testing efforts. This model researches cost history for past SLAP/SLEP
programs to identify key costs and cost drivers and uses existing AV-
3M/VAMOSC data to assess airframe maintenance and service bulletin cost
trends. Using results of technical inputs and cost data, the study develops a
simple model to aid in quick turn around assessments of the costs and potential
O&S benefits of these types of programs. This study could be useful in
addressing the O&S costs of the E-2C Upgrade.

NAVAIR-3 This effort focuses on costs associated with removing Naval
Aviation aircraft and related equipment from active service and the production
of a model based on historical data to estimate future demilitarization or
demobilization costs for a given Type/Model Aircraft. The current model for the
ongoing Environmental Consequences of Hazardous Operations (ECHO) project
may be used in the development of this model. This effort also has applicability
to the E-2C Upgrade.

AFCAA-16 This project will collect software cost metrics from historical and
current aircraft programs. Metrics may include Source Lines of Code (SLOC),
reuse assessment, language, hours required for the individual development
phases, calendar time required for the individual development phases, the
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development platform, and dollars required to complete the development. Data
from this study can be used to complement data from NCCA-10 in the
development of software CERs.
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Navy Cost Estimating Capabilities
Striking with Precision

UNITS/FORCES DEV. PROC. 0&S

Bl [ e | [ v ]
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e

Small Diameter Bomb

JSF

The weapon systems shown on this slide are identified as important to the
transformational area “Striking with Precision,” but some of them are also
identified with other areas of the transformation. With the exception of V-22
Development, our capability to estimate the costs of these systems is considered
to be mostly “fair”. As expected, our capabilities are weaker in the development
phase than in the procurement and O&S phases.

For some of the systems shown on this slide, there are ongoing studies that
can be of assistance in estimating their costs. The next slide addresses some of the
ongoing studies that provide cost estimating capabilities for the weapon systems
shown here. I will associate each referenced study with the appropriate weapon
system, and indicate the phase of the life cycle to which it has primary relevance.
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Striking with Precision

* NCCA-2: “Aircraft Operating and Support Cost Analysis Model
(OSCAM- Air)”

* NCCA-3: “Advanced Amphibious Assault Vehicle (AAAV)
Operating and Support Cost Analysis Model

(OSCAM — AAAV)”

* NCCA-4: “Naval Visibility and Management of Operating and
Support Cost (VAMOSC) Management Information
System”

NCCA-2 This model is being developed using a “system dynamics”
approach. This approach provides a structured methodology for dealing with
complex systems having many interacting components. A system dynamics
approach enables us to capture the dynamic behavior of a system while allowing
for a flexible design that can be easily enhanced and expanded. Many questions
posed today (e.g., How can the Navy reduce operating and support costs while
maintaining readiness?) cannot be addressed with traditional tools. The model
provides the flexibility for fast, top-level cost estimating, as well as the framework
for analyzing possible policy decisions and their impact on cost and availability.

NCCA-3 This model is another in the “family” of system dynamics models
developed by NCCA. The methodology and application of this model are similar to
the OSCAM-Air model.

NCCA-4 The Visibility and Management of Operating and Support Costs
(VAMOSC) management information system displays Naval operating and
support (O&S) costs and related information (e.g., operating hours or manning
levels) for ships, shipboard systems, aircraft, weapons, and USMC ground systems.
Depending on the specific commodity type and system, the VAMOSC Oracle
relational databases contain up to 18 years of data presented by fiscal year by
alternative hierarchical cost element structures. Depending on the cost element,
data for a particular commodity are available not only at the system level, but also
at the subsystem and component levels.
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Striking with Precision (Cont’d)

* NCCA-5: “Cost of Manpower Estimating Tool (COMET)”

* NCCA-6: “Navy Obligation Data Extraction System (NODES)”

* NAVAIR-4: “Cost Growth Analysis”

NCCA-5 COMET is a software database and cost-estimating tool that
provides users with the Operating and Support (O&S) estimates for the costs
(MPN and O&MN) of Navy manpower (active duty, reserve and civilian
components). The “active duty” component identifies historic Cost Estimating
Relationships (CERs) between the “direct” (MPN) costs of our “deployable”
forces (ships, squadrons and other “sea duty” personnel) and the “variable
indirect” costs (MPN and O&MN) associated with “shore duty” personnel that
recruit, train and support those “deployable” forces and themselves. The model
presents the user with a high degree of cost granularity. The use of variable
indirect personnel costs in COMET is appropriate only for considering intra-
Navy alternatives.

NCCA-6 NODES is a detailed, fully integrated, total operating and support
cost database that complements the direct costs in VAMOSC. NODES includes
all costs in the OMN and MPN appropriations and is consistent with Navy
programming, budgeting, and accounting systems. NODES will be enhanced to
include more appropriations, more detail and better linkage between indirect
costs and weapon systems. NODES has applicability to all three phases of the life
cycle for any program or weapons system, but is of primary importance to the
O&S phase.

NAVAIR-4 This effort investigates the historical cost growth experienced
on Navy aircraft, weapons, and avionics programs. Data are being analyzed for
specific NAVAIR programs, for NAVAIR commodity groups, and collectively
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for all NAVAIR programs including ACAT I, II, and III programs. The data are
being organized in a cost growth database. The analysis will result in a
conceptual approach for NAVAIR cost risk estimation, and can be applied to the
V-22 and JSF programs.
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Striking with Precision (Cont’d)

* NAVAIR-6: “Force Level Economic Effectiveness Trade (FLEET)
Model”

* NAVAIR-11: “Environmental Costs of Hazardous Operations
(ECHO) Model”

« RAND-2: “Advanced Airframe Structural Materials O & S Costs”

NAVAIR-6 This model is being developed to provide quick and reasonably
accurate life cycle cost estimates for all active Navy aircraft programs. The
FLEET model will provide cost insights on deferring development of follow-on
aircraft, evaluating aircraft production rate alternatives, identifying potential
Type/Model/Series aircraft for removal from the inventory, and determining
when requirements for increased O&S costs and platform critical modifications
reach levels that will require either a replacement, major upgrade or retirement
decision. This model can be applied to the V-22 and JSF programs.

NAVAIR-11 The ECHO model calculates the environmental costs incurred
throughout the life cycle of a program. Costs include hazardous material
purchase; hazardous material tracking, handling and storage; hazardous waste
disposal; hazardous waste management; wastewater treatment; air emissions
control; air emissions monitoring and reporting. As part of the present effort the
model will be populated with data for various weapons systems. New CERs will
be developed to relate the data streams to the environmental costs. This model
will assist in estimating life cycle costs of the V-22 and JSF.

RAND-2 This project will assess the impact on the operating and support
costs of military aircraft of advanced airframe structural materials versus
conventional aluminum. The research will focus on all operating and support
costs related to the material characteristics of aircraft components as a function of
age for a variety of Air Force and Navy aircraft. The products from the research
will be better methodologies for use by cost analysts in estimating
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organizational, intermediate, and depot maintenance labor and material costs.
This will provide better estimates of maintenance costs for DoD Milestone
reviews, as well as for developing operating and support budgets for the
services. This model will assist in estimating life cycle costs of the V-22 and JSF.
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Striking with Precision (Cont’d)

* RAND-3: “Estimating Methodologies for Aircraft and Missile
Testing Cost”
* ONR-6: “Composites Affordability Initiative Cost Analysis

Tool CAICAT)”

RAND 3 The objective of this project is to analyze the nature of current
aircraft and missile test and evaluation costs and trends likely to affect them in
the immediate future. It will Identify key cost drivers in the testing processes and
develop a set of practical, documented cost estimating methodologies. These
methodologies should be useful in developing estimates in the early stages of a
program, before detailed technical and programmatic information is available, as
well as for cross-checks later in the weapon system development phase when
more of these details should be available. This effort will assist in estimating life
cycle costs of the V-22, JSF and Stealthy JLRCM.

ONR-6 CAICAT is a cost model developed jointly by AFRL, NAVAIR,
Northrop Grumman, Boeing, Lockheed Martin, and General Electric. The
program has a goal of developing a credible, rapid cost evaluation system for an
airframe structure to address state-of-practice, state-of-the-art, and merging
design and manufacturing technologies. The Bottoms Up, Process-Based Model
is incorporated in CAICAT software, which addresses all elements of direct and
indirect costs. The software is intended to be used primarily as a trade study tool.
This effort could assist in estimating life cycle costs of the V-22 and JSF.
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Navy Cost Estimating Capabilities
Deploying and Sustaining Military
Power Rapidly

UNITS/FORCES DEV. PROC. O&S

Joint Logistics-over-the
Shore (JLOTS) Ship m m m

Modernize Maritime and

Afloat Pre-Positioning ’ Fair ‘ ’ Fair ‘

Forces

Advanced Strategic Tanker

The weapon systems shown on this slide are identified as important to the
transformational area “Deploying and Sustaining Military Power Rapidly”. As
indicated by the red on this slide, overall our cost estimating capabilities in this
transformational area are pretty weak. This area includes two advanced-concept
ships, both of which encompass highly optimistic capabilities and neither of
which is well defined. We have little-to-no capability to estimate the cost of a 45-
knot High Speed Sealift ship, or the Joint Logistics-Over-the-Shore ship. There
are no ongoing studies that would improve our capabilities in this area.

However, a number of ongoing studies provide capability to estimate the
cost of pre-positioning ships and the advanced strategic tanker. Most of these
studies have an impact in dealing with environmental and disposal issues and in
estimating the O&S phase.
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Deploying and Sustaining Military
Power Rapidly

* ONR-1: “Uncertainty Calculus to Minimize Total Ownership
Costs (TOC) for Ships”

+ ONR-2: “Affordability Measurement and Prediction Methods to
Support Affordable Design of Ship Systems”

21

ONR-1 The purpose of this study is to address affordability of ship systems
by close collaboration with Navy programs to cooperatively develop
mathematical models using uncertainty calculus to minimize TOC for Navy
Ships. This effort includes development of a Maintenance Cost Model, a
Technology Insertion model, and Geometry Cost Evaluation model. The
Maintenance Cost Model would be very useful in estimating O&S costs for a new
class of ships. At this point, the ONR efforts discussed on this slide have
produced primarily demonstration models.

ONR-2 Maximum reduction of cost can occur early in ship design when
there is significant uncertainty, and where historical and probabilistic data are
absent, and uncertainty based systems are necessary. This project uses
uncertainty based heuristic methods to develop a hierarchical and extendable
decision tool. Maintenance, repair and overhaul represent major and difficult to
predict components of TOC. By developing a fuzzy system and probabilistic
methods to address maintenance costs, new capability can be developed, which
is not possible with current historical and parametric cost models. This project
also includes plans for software evaluation and development with provisions for
interoperability with ASSET, VAMOSC and other database/models. This project
develops a flexible and extendable tool providing automation and decision
support for Navy S&T managers. As a cost-estimating tool, it is most useful in
the design and O&S phases.
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Deploying and Sustaining Military
Power Rapidly (Cont’d)

ONR-5: “Marine Composites Affordability — A
Knowledge-Based Approach”

ONR-7: “The Effect of New Technologies on Ship Systems: A
System Dynamics Cost Modeling Approach”

NSWCCD-1: “Product-Oriented Design and Construction (PODAC)
Cost Model”

22

ONR-5 To help reduce TOC for ships, low cost methods are required for the
design, manufacture, and maintenance of Naval ship components. One such
application is the manufacturing of composite deckhouses. This project, focused
on composite deckhouses, offers a means to rapidly assess the affordability of a
ship’s structure when it is designed using marine composites. This project uses a
knowledgebase and an inference engine to query CAD files and provide TOC on
a component-by-component basis. This project would be useful for estimating
development and procurement costs of major ship structure components.

ONR-7 The introduction of new technologies often causes a temporary loss
of productivity and leads to additional unforeseen costs over a system’s life
cycle. One of the reasons for this productive degradation is that traditional
systems engineering management fails to plan for the effects of technology
procurement, implementation, and maintenance. This research defines the
problem of introducing new technologies for ship systems and outlines how ship
system performance can be predicted, evaluated, and controlled using a system
dynamics modeling approach with an embedded optimization routine called
Data Envelopment Analysis. This study will be useful for cost trade-offs in ships’
development and procurement phases.

NSWCCD-1 The focus of this model is to support engineering tradeoff
studies. This cost model will be sensitive to changes in shipbuilding strategies,
ship construction processes, use of common modules, zonal architecture and
equipment standardization. Partial functionality was demonstrated in a
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prototype PODAC model in 1997. Since then, Version 6.0 has been implemented
at NSWCCD and the four surface shipyards. Cost model validation testing has
been performed at two shipyards.
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Deploying and Sustaining Military
Power Rapidly (Cont’d)

* NSWCCD-2: “Leading Edge Advanced Prototyping for Ships
(LEAPS) Cost Support”

* NSWCCD-3: “Force Level Ship Environmental Cost Model”

* NCCA-I: “Ship and Shipboard System Operating and Support
Cost Analysis Model (OSCAM-Ship,

OSCAM-Systems)”

*+ NCCA-9 Ship Construction Cost Database (SCCD)
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NSWCCD-2 This effort incorporates cost estimating and analysis capability
into the Leading Edge Advanced Prototyping for Ships (LEAPS) integrated data
environment. For selected cost analysis models, this effort provides lists defining
the input variables required by the models, definition of the input variables and
definition of the output.

NSWCCD-3 This effort develops a spreadsheet model to estimate the LCC
of liquid and solid wastes for fleet level analysis. The model will input data from
the Environmental Compliance database, the disposal cost model and the system
level environmental quality cost models. Output will be force level acquisition
and life cycle analysis.

NCCA-1 This model is another in the “family” of system dynamics models
developed by NCCA. The methodology and application of this model is similar
to the OSCAM-Air model.

NCCA-9 The purpose of this effort is to develop a normalized database of
historical ship construction costs and technical characteristics. The database will
not contain any new data, but will be an accumulation of existing data in an
Automated Cost Database (ACDB) format.
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Navy Cost Estimating Capabilities
Dominating Land, Sea, Air and Space
Battlespace

UNITS/FORCES DEV. PROC. O&S

5” Gun Projectile
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The weapon systems shown on this slide are identified as important to the
transformational area “Dominating Land, Sea, Air and Space Battlespace”, but
some of them are also identified with others areas of the transformation. Since
there is no red on this chart, and more green than yellow, our capability to
estimate the costs of these systems is considered fair to good.

For some of the systems shown on this slide, there are ongoing studies that
can be of assistance in estimating their costs. The next slide addresses some of the
ongoing studies that provide cost estimating capabilities for the weapon systems
shown here. I will associate each referenced study with the appropriate weapon
system, and indicate the phase of the life cycle to which it has primary relevance.
Additionally, many of the cost research efforts mentioned in the other
transitional areas are also applicable to systems shown on this chart.
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Dominating Land, Sea, Air and Space
Battlespace

* NCCA-7: “COTS Shipboard Electronics Cost Factors”

* NCCA-8: “Platform Integration Cost Database Model for Ships
Electronics”

¢ NSWCDD-1: “Radar Cost Model”

25

NCCA-7 The purpose of this study is to develop factors for estimating
COTS shipboard electronics costs as a function of military specifications
(MILSPEC) costs. It will use systems in which initial hardware was MILSTD and
later upgrades or later installations used COTS. The final report will include raw
and normalized cost data and will address the methodology and the resulting
factors.

NCCA-8 This study will develop a database and cost estimating
methodology for projecting hardware/software integration costs for shipboard
electronics and weapon systems. The database will include cost data, technical
characteristics, and other relevant information (e.g., software size) for a variety of
systems, including sonar, radar, fire control, and launching systems. It will
include both contractor and Government in-house costs. This is a multi-phased
effort, with Phase I to concentrate on developing an integration WBS, identifying
integration cost factors and initiating data collection.

NSWCDD-1 This effort is directed towards the development of CERs to
estimate the engineering development and production costs associated with the
major components of solid-state radar. CERs will be developed using a cost
database of existing military radar development and production programs. The
CERs will be implemented in an EXCEL spreadsheet model. This study may be
useful in the AESA program.
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Summary and Conclusions

» Capability to estimate the cost of transformation is Fair overall

— For defined systems, requires about the same types of resources as
during the Cold War

— Requires databases/models/CERs as before
* Must have adequate system descriptions (CARDs)

+ Ability to estimate the cost of individual systems under the
transformation umbrella is commensurate with the capabilities
described in the 2001 IDA Cost Research Catalog

» Futuristic systems may be very difficult to estimate
— Generalized, non-specific systems

— Vague technical and programmatic information available

26

In summary, we conclude that the Navy’s capability to estimate the cost of
the transformation is “fair” overall, assuming we have defined systems and
baselines. This is about the same as our assessment of our ability to estimate the
cost of weapon systems during the Cold War. Our ability to estimate the cost of
individual systems under the transformation umbrella is commensurate with the
capabilities described in the 2001 IDA Cost Research Catalog.

Certain elements are necessary for cost estimating in any environment:
adequate system descriptions (CARDs), databases, and models/CERs. Futuristic
systems are very difficult to estimate, because they may be generalized, non-
specific systems having only vague technical and programmatic information
available.
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U.S.AIR FORCE

m Air Force Cost Analysis Agency (AFCAA)
m Air Force Material Command (AFMC)

m Aeronautical Systems Center (ASC)

m Space and Missile Command (SMC)

m Air Armament Center (AAC)

m Army Space and Missile Defense Command
(SMDC)

= RAND

m The Aerospace Corporation

m Naval Center for Cost Analysis (NCCA)

m Naval Surface Warfare Center, Dahigren Division

Contributing Organizations

Integrity - Service - Excellence

Other organizations whose research projects will help us cost the
transformation.
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\j The Meaning of Transformation

-

U.S.AIR FORCE

to the Air Force

Achieving Information & Decision
Superiority

(Information Superiority)

« Command & Control

« Information & Communications

« Intelligence, Surveillance &
Reconnaissance

« Information Operations

Striking with Precision
(Global Attack, Precision Engagement)

» Long Range Precision Attack

» Time Critical Precision Targeting
* Supporting Forces

« Direct Force Insertion

Deploying & Sustaining Military Power

Dominating Air, Space, Land, & Sea

Rapidly
(Rapid Global Mobility, Agile Combat Support)

* Command & Control

« Deploying

* Focused Logistics

» Forward Basing & Infrastructure

Battlespace

(Aerospace Superiority)
« Command & Control
* Maneuver & Mobility
« Intelligence
« Fires & Precision Attack
« Logistics
« Protection
* Nuclear, Chemical, & Biological Defenses

Integrity - Service - Excellence
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\ 4
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U.5. AIR FORCE

Capability to Cost

Transformation S_ystems

| ACHIEVING INFORMATION & DECISION SUPERIORITY

Communications (SATCOM)

(AWACS) Sensor Suites

(JSTARS) Sensor Suites

RC-135 - Rivet Joint

Global Hawk

Predator

Global Command & Control (GCCS)

Joint Tactical Radio System (JTRS)
Joint Airborne Command Relay

m Extremely High Frequency (EHF) & Laser Satellite

m  Global Positioning System (GPS) Modernization
m Upgrade Advanced Airborne Warning And Control System

m Upgrade Joint Surveillance Target Attack Radar System

Computer Network Defense/Computer Network Attack
Modified Global Broadcast Service (GBS) Terminals

Integrity - Service - Excellence
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Capability to Cost
R Transformation Systems
| ACHIEVING INFORMATION & DECISION SUPERIORITY |
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Supporting Research Projects are:

m Analysis of Cost Growth Using Selected
Acquisition Reports (AFCAA-10)

COTS Electronics Database/Modeling (AFCAA-8) S
Cost Factor Model Support (AFCAA-9) : :

Automatic Update of AFI 65-503 with AFTOC 2
database (AFCAA-15)

Aircraft Software Data Track (AFCAA-16) E .

Integrity - Service - Excellence

SAR Study —categorizes cost growth by Service, type of system and cost growth
when compared to Milestone estimates.

* Supports: Applies to all four categories

* Status: Completed
COTS Effort—includes data collection of hardware costs for electronic
components (including new and commercial technologies); develops CERs

* Supports: Joint Tactical Radio System (JTRS), Joint Airborne Command
Relay, Modified Global Command & Control (GCCS), Computer
Network Defense/Computer Network Attack

» Status: Ongoing

Cost Factor Model —objective is to create an electronic repository for annual
TOC type cost information to aid in generation of CPFH and other data needed
for Air Force Planning Projections and other types of cost estimation (AFI 65-
503).

* Supports: RC-135, Global Hawk, Predator

» Status: Ongoing

Automatic Update to AFI-65 503 using AFTOC—a review AFTOC data to
evaluate whether it supports producing cost factors for AFI 65-503 —if successful,
methods will be developed to automatically update factors on an annual basis

» Supports: Applies to all four categories
* Status: New
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Aircraft Software Data Track —supports collection of data on aircraft programs

in forms that will allow a direct feed into our software tools

Supports: Global Command & Control, Computer Network
Defense/Computer Network Attack, Modified Global Broadcast Service
Terminals, Joint Tactical Radio System, Joint Airborne Command Relay,
F-22, JSF, Ultra-Heavy Lifters and Advanced Theater Transport Aircraft

Status: New

Improvements Realized

Annual Inflation Indices and tutorial
Overhead Study

Missile CERs

ACDB Missile Database Improvements
ACEIT Enhancements
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\/ Capability to Cost Transformation

Nt Systems
U.S.AIR FORCE
ACHIEVING INFORMATION & DECISION SUPERIORITY

(Cont’d)
m Weapon System Software Development
Cost/Technical Database (NCCA-10)

m Weapon System Software Development
Estimating Methodology (NCCA-11)

m AIS Life Cycle Cost and Technical Database
(NCCA-13)

m Hardware Deflator Methodology (NCCA-14)
= Automated Information System (AIS) Software

Cost/Technical Database and Estimating *

(NCCA-15)

Integrity - Service - Excellence

Weapon System Software Development Cost/Technical Database—expands
software effort for Software Development Estimating Handbook

Weapon System Software Development Estimating Methodology —updates the
current software data collection and software handbook; identifies and assesses
commercially available software development estimating methodologies

AIS Life Cycle Cost and Technical Database—database of estimated AIS
program costs, descriptions, cost methodology, programmatic/ technical
description and assessment of the database’s utility.

Hardware Deflator Methodology —collects Navy AIS hardware cost and
technical data for estimating hardware. Commercial data will be collected and
determination of life of various types of technology and applicability to the

hardware process.

Automated Information System (AIS) Software Cost/Technical Database and
Estimating —creates an automated AIS software development and maintenance
database. Determines what metrics drive AIS software costs and develop cost
estimating methodology

VIII-6



A y
\ V4
442

L
L

U.S.AIR FORCE

Capability to Cost
Transformation Systems

STRIKING WITH PRECISION |

Space Based Radar (SBR)

Global Positioning System Ill (GPS Ill)
Ground Moving Target Indicator (GMTI)
Enhance B-2A with Large Carriage Capacity and Flexible

Targeting

F-22

Joint Strike Fighter (JSF)
Global Hawk

Conventional Air Launched Cruise Missile (CALCM)
Joint Long Range Cruise Missile

Joint Direct Attack Missile (JDAM) MK-83

Joint Stand Off Weapon (JSOW)

Joint Air to Surface Standoff Missile (JASSM)
Small Diameter Bomb (SDB)

Minuteman Il (MMIIl) Modernization

Integrity - Service - Excellence
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\”/ Capability to Cost

R Transformation Systems
| STRIKING WITH PRECISION

Supporting Research Projects are:
m Military Aircraft Data and Retrieval (MACDAR) B ‘
System Update (AFCAA-2) | 4 —

m Aircraft Avionics Systems Database and Study
(AFCAA.-7)

m COTS Electronics Database/Model (AFCAA-8)

m Estimating Methodologies for Non-Air Vehicle
Work Breakdown Structure Costs (RAND-3)

m Missile and Munitions Sufficiency Review
Handbook (AFCAA-11)

m COTS Ground Antennas System (AFCAA-17)
m Firm Fixed Price Contract Price Trends (AFCAA)

Integrity - Service - Excellence

MACDAR—provides data for analogy-based and CER-based approach for
recurring and non-recurring aircraft system costs

* Supports: F-22, JSF

» Status: Ongoing
A/C Avionics Systems Database & Study—data collection effort supporting the
estimation of costs for rapidly changing avionics programs; also contains CERs
for federated and integrated avionics

* Supports: F-22, JSF, GMTI
» Status: Ongoing

COTS —already_covered

Estimating Methodologies for Non-Air Vehicle Work Breakdown Structure
Costs—identify key cost drivers in missile and aircraft BTL cost trends starting
with T&E; develop cost estimating methodologies to be used early in program
before detailed data is available; develop cross-checks for later in the
development phase

* Supports: most aircraft/missile programs

» Status: Ongoing
Missile & Munitions Sufficiency Review Handbook—provides guidance on
how to conduct checks for overall reasonableness of methods being reviewed;

provide cross-checks for missile cost estimates
* Supports: JDAM, JASSM,, J[SOW
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» Status: Ongoing; nearing completion of first phase

COTS Ground Antennas Systems—effort to collect performance specs and
pricing to develop CERs
* Supports: GPSs Ground System, Global Command and Control,
Computer Network Defense/ Computer Network Attack, Modified
Global Broadcast Service Terminals, Joint Tactical Radio System, Joint
Airborne Command Relay

e Status: New

Firm Fixed Price Contract Price Trends—discern price changes when

competitively awarded contracts come out of options
* Supports: JSTARS, JASSM
» Status: New
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5. Arm ORCE Transformation Systems
| STRIKING WITH PRECISION (Contid) |

m Turbine Engine Costs: A Primer and Cost
Estimating Methodologies (RAND-1)

m Aircraft and Aircraft Modification Sufficiency
Review Handbook (AFCAA-12)

m FY01 Passive Sensor Cost Model Data
Collection (AFSMC-1) & (AFCAA-18)

m FY02 Unmanned Spacecraft Cost Model
(USCM) Data Collection (AFSMC-2) & (AFCAA-18)

m Strategic Missile Model Update (SMDC-1)

Integrity - Service - Excellence

Turbine Engine Costs: A Primer and Cost Estimating Methodologies

e Develop methodology to estimate future turbine engines and evaluate
effects of DoD acquisition reform and industry affordability initiatives
on engine costs.

- Includes only turbo fan engines for jets, no helicopter engines. Props
were not included since only 130’s have prop engines in current
inventory.

e Develop O&S support cost drivers and methodologies for O&S costs

USCM/PSCM

e Collect data for estimating space sensor payloads and communication
payload at subsystem and component level.

e Will integrate into a new system called Space System Cost Model in
FY03.

e Supports Space Based Radar, GPS III
A/C and A/C Mod Sufficiency Review Handbook

e Guidance for performing AoAs, POEs on aircraft and mods

e (Collect and document metrics to be used to cross-checks estimates
e Supports F-22 JSF, Global Hawk, F-A/18 E-F

Passive Sensor Cost Model Data Collection (PSCM) & Unmanned Spacecraft
Cost Model (USCM) —joint effort between SMC and AFCAA
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Strategic Missile Model Update
e Develop methodologies for estimating missile systems
e Expand CERs
e Create interface to download to CO$STAT for CER development
e Extract CERs and move them into ACEIT

e Supports: Conventional Air Launched Cruise Missile, Joint Long Range
Cruise Missile, JDAM, JSOW, JASSM
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U.S.AIR FORCE

*\"/ Capability to Cost

Transformation Systems

DEPLOYING & SUSTAINING MILITARY POWER RAPIDLY

Advanced Tactical Airlifter
Ultra Heavy Airlifter

C-5 Modernization

Continue C-17 Procurement
C-130 Modernization

CV-22

Advanced Strategic Tanker
KC-10 Modernization

Next Generation Small Loader

Computer Network Defense / Computer Network
Attack

Global Combat Support System (GCSS)
Global Transportation Network 21 (GTN-21)

m Defense Messaging System (DMS)

Integrity - Service - Excellence
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5. Atm FORCE Transformation Systems
| DEPLOYING & SUSTAINING MILITARY POWER RAPIDLY |

Supporting Research Projects are:

m Aircraft Software Data Track (AFCAA-16)

m Aging Aircraft Study (AFCAA-20)

m Develop CPFH Contingency Calibration Factors
(AFCAA-21)

m Advanced Airframe Structural Material O&S ——
Costs (RAND-2) ”%

m Aircraft Support Cost Estimating Relationships
(RAND-4)

P\

Integrity - Service - Excellence

Aircraft Software Data Track—already covered

Aging Aircraft Study—collects and analyzes data enabling the estimation of
aging effects by Mission/Design/Series of aircraft, as well as by airframe, avionics
and engines categories

e Supports: C-130 Modernization, C-5 Modernization, KC-10

Modernization

e Status: New
Develop CPFH Contingency Calibration Factors—development of CPFH
representing Contingency Operations and normalization of historical
contingency operations data to peacetime scenario

e Supports: Advanced Strategic Tanker, Advanced Tactical Airlifter, Ultra
Heavy Airlifter, C-17.

e Status: New

Advanced Airframe Structural Materials O&S Costs (SAF/AQ project with our
tech monitor).

e Assess impact of O&S costs on advanced airframe structural materials
versus conventional aluminum. Focuses on material composition. Create
better methodologies for estimating organizational, intermediate and
depot maintenance labor and material costs.
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Aircraft Support Cost Estimating Relationships (SAF/AQ project with our tech
monitor)
e Develop CERs for specific categories of O&S costs, i.e. software

maintenance, mod kit acquisition and installation, sustaining
engineering, depot level reparables, etc.
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\"/ Capability to Cost
5. Atm rORCE Transformation Systems
| DOMINATING AIR, SPACE, LAND & SEA BATTLESPACE |

(Sspg\cl()a Maneuver Vehicle (SMV) / Space Operations Vehicle
Space Based Radar (SBR) X 7

]

m Space Based Infrared System (SBIRS) = ]
m Evolved Expendable Launch Vehicle (EELV)

m Space Based Laser (SBL) and Airborne Laser (ABL) _

Technologies

F-22, Joint Strike Fighter =
|

Ultra-Heavy Airlifters and Advanced Theater Transport
Aircraft

Unmanned Combat Air Vehicle (UCAV)
Supersonic Strike Missile

Advanced Stand Off Munitions (JASSM, LRCM)
Small Diameter Bomb (SDB)

Active Electronically Scanned Array (AESA) Radar
Large Aircraft Infrared Counter Measure (LAIRCM) ic :
Computer Network Defense/Computer Network Attack | ;#‘N__%
Joint Tactical Radio System (JTRS) = =

Integrity - Service - Excellence
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®
o

e A comes Transformation Systems
| DOMINATING AIR, SPACE, LAND & SEA BATTLESPACE |
Supporting Research Projects are:
m Aircraft Software Data Track (AFCAA-16) .-
m COTS Ground Antennas System (AFCAA-17) ———
= Unmanned Space Cost Model and Passive r————

Sensor Cost Models (USCM/PSCM) (AFCAA-18) I al )
w—s
m Space Systems Costing Suite (AERO-1) 17-&/‘

m Costs of Space, Launch and Ground Systems [F——
(AERO-2) -
= Small Satellite Cost Model (SSCM) (AERO-4) \’&

Integrity - Service - Excellence

Aircraft Software Data Track— Already covered.

COTS Ground Antennas System — Already covered.
USCM/PSCM — Already covered.
Space Systems Costing Suite—Updating AERO Corp’s launch vehicle and

ground systems cost models to include infrared sensor payloads and new
integrated ground stations design and costing models.

Costs of Space, Launch and Ground Systems—Contains historical costs of
space, launch and ground systems, including non-recurring and recurring costs
of military and civil satellites and launch vehicles, payloads, launch processing,
delays, failures, software, ground facilities, learning rates and cost overruns.

Small Satellite Cost Model —Parametric (CER-based) cost model including cost-
risk analysis capability for estimating small or micro-satellites.
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O ANPONES Address the Transformation

m Research Projects

Measuring ROI for R&M Investments

Missile CER Development Phase Il

Missiles & Munitions Sufficiency Review Handbook Ph Il
Effect of Ramp Rate on Learning

Contingency Cost Model Update

Aging Aircraft Study

Integrity - Service - Excellence

Measuring Return on Investment for Reliability and Maintainability
Investments
e Quantify the impact of prior, current and future R&M mods by R&M
primary purpose and by aircraft weapon system
e Develop and quantify the impact on future O&S costs
e Address any projected cost increases or savings estimating with the
R&M modifications
e Attempt to determine if the estimated costs or savings have
materialized.
Missile CER Development Phase III

e Collect new missile costs from program offices, AFCAA, and Selected
Acquisition Reports to populate ACDB database

e Updating/validating existing CERs using new data points
e Expanding CERs to lower levels of the WBS, or deriving new CERs to
capture latest technologies

Missiles & Munitions Sufficiency Review Handbook Ph II

e Updating metrics to include new data points

e Expanding the metrics to areas not covered in Phase I

Effect of Ramp Rate on Learning

e Study to determine whether the amortization of fixed costs over low
quantities contributes to steeper cost curves?

VIII-17



e Study whether resultant learning curves reflect a steeper curve for the F-
22 build-up than for other historical programs with larger quantities in
the early lots and faster build-up rates

e Determine whether it is improper to use learning only to estimate curves
which include fixed costs

e To analyze the effort that the application of learning/rate curves to
procurement profiles produces and determine whether it is drastically
different from history and may not always mimic learning curves with
fixed costs

Contingency Cost Model Update

e Develop CPFH factors that represent Contingency operations

e Normalize historical data that reflects contingency operations to a
peacetime scenario

e Develop marginal cost factors that measure the incremental costs in
weapon system changes.

Aging Aircraft Study

e Assess aging aircraft by airframe, avionics, and engines

e Expand on those parametrics to Mission/Design/Series (MDS) aircraft

e Update previous information with more recent data
Measuring Return on Investment for Reliability and Maintainability
Investments

e Quantify the impact of prior, current and future R&M mods by R&M
primary purpose and by aircraft weapon system

e Develop and quantify the impact on future O&S costs

e Address any projected cost increases or savings estimating with the
R&M modifications

e Attempt to determine if the estimated costs or savings have
materialized.

Missile CER Development Phase II1

e Collect new missile costs from program offices, AFCAA, and Selected
Acquisition Reports to populate ACDB database

e Updating/validating existing CERs using new data points

e Expanding CERs to lower levels of the WBS, or deriving new CERs to
capture latest technologies

Missiles & Munitions Sufficiency Review Handbook Ph II

e Updating metrics to include new data points

e [Expanding the metrics to areas not covered in Phase I
o Effect of Ramp Rate on Learning
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Study to determine whether the amortization of fixed costs over low
quantities contributes to steeper cost curves?

Study whether resultant learning curves reflect a steeper curve for the F-
22 build-up than for other historical programs with larger quantities in
the early lots and faster build-up rates

Determine whether it is improper to use learning only to estimate curves
which include fixed costs

To analyze the effort that the application of learning/rate curves to
procurement profiles produces and determine whether it is drastically
different from history and may not always mimic learning curves with
fixed costs

Contingency Cost Model Update

Develop CPFH factors that represent Contingency operations

Normalize historical data that reflects contingency operations to a
peacetime scenario

Develop marginal cost factors that measure the incremental costs in
weapon system changes.

Aging Aircraft Study

Assess aging aircraft by airframe, avionics, and engines
Expand on those parametrics to Mission/Design/Series (MDS) aircraft
Update previous information with more recent data
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5. Atm FORCE Transformation Systems
AIR FORCE
CTD SDD Production 0&S

Aircraft (Fixed Wing) &
Weapon Systems

Space Systems
(Space, Launch, Control)

C3lI (Electronics)
Systems
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Fielding &

Automated Information
Systems (AIS)
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CTD i Concept & Technology Development
SDD / System Develog &D ation

0&S i Operating & Support

Integrity - Service - Excellence
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U.S. AIR FORCE

Summary

AF Capability to Cost the Transformation overall

m However critical areas include
m Software and T&E
m Aircraft Software Data Track (AFCAA-16)
m COTS Electronics Database/Modeling (AFCAA-8)
m COTS Ground Antennas System (AFCAA-17)

m Estimating Methodologies for Non-Air Vehicle Work
Breakdown Structure Costs (RAND)

m Concept & Technology Development
m Aircraft Avionics Systems Database and Study (AFCAA-7)

m Estimating Methodologies for Non-Air Vehicle Work
Breakdown Structure Costs (RAND-3)

m Aircraft Software Data Track (AFCAA-16)

Integrity - Service - Excellence
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U.S. AIR FORCE

Observations

m Significant obstacles must be addressed by senior leadership
m Deletion and/or reduction in cost data collection/reporting

m Historical data is not supporting estimates of new
technologies

m Cost Savings/Reduction Initiatives
m Over- reliance on System Contractor estimates
m Common Cost Models
m Total System Program Responsibility (TSPR)
m Priced Based Acquisition (PBA)
m Non-standardization of data
m Resistance to CCDR reporting requirement
m At odds with requirement to reduce cycle time
m Deletion of Program Definition/CARD requirement
m Spiral Development
m Capabilities Based Acquisition

Integrity - Service - Excellence
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Outline

= Key Military Capabilities
= Major Paths of Army Transformation

= Capabilities to Estimate Costs &
Current Research

= Summary and Conclusions

With a clear vision, we can anticipate future events and plan for them.

The Army’s complete transformation into a force that is more strategically
responsive and dominant across the entire spectrum of operations includes
transforming the Army into an intellectually agile force that organizes and shares
knowledge —people, processes, and technology
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Transformation
Key Military Capabilities

Achieving Information and Decision
Superiority

Striking with Precision

Deploying and Sustaining Military
Power Rapidly

Dominating Land, Sea, Air and
Space Battlespace
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Major Paths of Army Transformation &z

1
Legacy :
Force I
]
]
Objective :
Force |
! I'¥ Toech
] I Solutions
1
Interim B initial BCT Interim
Force :
1
|

As you see here, the Army’s comprehensive transformation advances along
three major paths: Legacy Force, Interim Force, and Objective Force. The Army’s
transformation strategy will result in an Objective Force that is more responsive,
deployable, agile, versatile, lethal, survivable, and sustainable than the present
force.

Let me focus first on the Legacy Force. In order to have the time to develop
Objective Force capabilities properly, we must sustain the Legacy Force to
guarantee our warfighting readiness.

Our plans include recapitalization of selected formations of key armored and
aviation systems, including light-force lethality and survivability enhancements.

We are modernizing the Legacy Force through recapitalization to sustain
capabilities, reduce the cost of ownership, and extend the life of our legacy systems.

For the first time we have a clear definition: Recapitalization is defined as:
“The rebuild and selected upgrade of currently fielded systems to ensure
operational readiness and a zero time, zero mile system. The objectives include: (1)
extend service life; (2) reduce O&S costs; (3) improve reliability, maintainability,
safety, and efficiency; (4) enhance capability; and (5) reduce footprint on the
battlefield.” The Interim Force will seek the characteristics of the Objective Force
within the constraints of available technology. In addition to IAVs integrated with
“off the shelf” sensors and digitization, it will be equipped with lightweight
artillery and other available technology.
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Achieving Information and Decision
Superiority

* Enablers
— Information Operations Linked with Fires and Maneuver
— Linked Strategic,Operational and Tactical Sensors and C4l
— Web based, wide band networks
e Programs
- Tactical Unmanned Aerial Vehicle (TUAV)
Joint Tactical Radio System (JTRS)

Joint Land Attack Cruise Missile Defense Elevated Netted
Sensor (JLENS)

Unattended Ground Sensors
Warfighter Information Network — Tactical (WINN-T)

Army Cost Estimating Capabilities
Achieving Information and Decision Superiority “&&

UNITS/FORCES DEV. ROC. 0&s
Legacy Systems - - -
Interim Force Systems - - Fair
Objective Force Systems Fair Fair Fair

IX-5




Achieving Information and Decision Superiority
Cost Research

¢ CEAC-5 Communications & Electronics Database

e CEAC-6 Sensor CER Development

¢« CEAC-1/2 OSMIS Database and Output Products

e CEAC-17 Unmanned Aerial Vehicle Data Collection & CER
» CEAC-18 COTS Electronics Model

« CEAC-19 Unmanned Ground Vehicles/Robotics Data Collection
and CER

» CEAC-20 C*ISR Cost-Performance Estimating Relationships

Striking with Precision

» Enablers
— Increased Lethality at Extended Ranges
— Constant, accurate common relevant operating picture
— Direct Insertion Forces with Standoff Protection
— Robust, Light Weight Anti-tank Capability

* Programs
— Javelin
— Land Warrior
— Future Missiles

The uniform for the Future soldier must be lightweight and must provide
increased protection from multiple threats.
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Army Cost Estimating Capabilities
Striking with Precision

UNITS/FORCES

Legacy Systems

Interim Force Systems

Objective Force

Missile Systems Fair

I IIIU

Ammunition Fair Fair

Striking with Precision
Cost Research

CEAC-5 Communications & Electronics Database
CEAC-6 Sensor CER Development

CEAC-7 Army Tri-Service Missile and Munitions Database
CEAC-1/2 OSMIS Database and Output Products

CEAC-21 Missile Propulsion Cost Performance Estimating
Relationships
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Deploying and Sustaining Military
Power Rapidly

* Enablers
— Blend strategic supply and transportation functions
— Integrate a system of network-centric logistics with
strategic mobility capabilities
— Direct link between management of items of supply and
means of distribution
» Programs
— Network Centric Logistics
— Recapitalization programs
— Future truck
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Army Cost Estimating Capabilities
Deploying & Sustaining Military Power Rapidly %

UNITS/FORCES

Legacy Systems

Interim Force Systems

Objective Force Systems

=]
m

Combat Support Fair
Combat Service Support Fair
RECAP PROGRAMS

* Heavy Expanded Mobility Tactical Truck (HEMTT)

* M992 Field Artillery Ammunition Support Vehicle (FAASV)

* D-7F/G Dozer

*  MO973A1 Small Unit Support Vehicle

* M9 Armored Combat Earthmover (ACE)

* High Mobility Multipurpose Wheeled Vehicle (HMMWYV)

FUTURE PROGRAMS

* Family of Medium Tactical Vehicles (FMTV)

* High Mobility Multipurpose Wheeled Vehicle (HMMWYV) replacement
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Deploying and Sustaining
Military Power Rapidly
Cost Research

CEAC-1/2 OSMIS Database and Output Products

CEAC-8 Wheel & Tracked Vehicle Database and
Methodology Development

CEAC-22 Hybrid Electric Vehicle Cost Performance
Estimating Relationships
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Dominating Land, Sea, Air and AN
Space Battlespace L

» Enablers
— Increased Lethality
— Mobility, Speed and Agility
— Battlespace Awareness
¢ Programs
Comanche
High Mobility Artillery Rocket System (HIMARS)
Interim Armored Vehicle (IAV)
Future Combat System (FCS)
Army Tactical Missile System (ATACMS)
Crusader Technology Program

The Objective Force’s Future Combat Systems’ platform requirements for
speed, mobility, deployability and survivability demand lighter weight, more
robust, and better integrated multi-functional materials and structures.

Vehicle armor and personnel armor and equipment are too heavy and do
not provide adequate protection against a broad threat spectrum (e.g., long-rod
penetrators, bullets, fragmenting munitions, flechettes, blast, thermal, EM and
NBCQC).

The digital battlefield adds new requirements for signature management
and control that cannot be met by current technology.

Emerging  materials  science,  computational = mechanics, and
modeling/simulation techniques are not being utilized to the fullest advantage to
improve armor effectiveness and signature control while reducing weight, bulk,
and cost.
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Army Cost Estimating Capabilities
Dominating the Battlespace

UNITS/FORCES PROC. 0&s

DEV.
Legacy systems | G00d | | Good | Good |
Interim Force Systems - Fair Fair

Objective Force

Aviation Systems Fair Fair Fair
Missile Systems Fair Fair Fair

Dominating Land, Sea, Air and Space
Battlespace
Cost Research

CEAC-5 Communications & Electronics Database

CEAC-6 Sensor CER Development

CEAC-7 Army Tri-Service Missile and Munitions Database
CEAC-8 Wheel & Tracked Vehicle Database and Methodology
Development

CEAC-9 Aircraft Module Database Development

CEAC-1/2 OSMIS Database and Output Products

CEAC-21 Missile Propulsion Cost Performance Estimating
Relationships

CEAC-22 Hybrid Electric Vehicle Cost Performance Estimating
Relationships
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Summary and Conclusions

» Objective Force systems

Characterized by limited system and technical descriptions

Requirements stated in terms of desired performance

Cost estimates are required earlier in a system’s lifecycle

More alternatives are examined longer throughout the lifecycle

Capabilities developed as modular packages

Summary and Conclusions
(continued)

+ Capability to estimate the cost of transformation is
marginal overall

+ Automated <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>